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INTRODUCTION 
A major upheaval in the philosophy of manipulation of 
insect pest populations is occurring at the present time. 
This change in thought is primarily a movement from a single 
factor approach/ i.e., chemical, or biological, or cultural, 
etc., to an approach that is multifactorial, i.e., chemical 
and/or biological and/or cultural, etc. 
Many elements have contributed to affect this change. 
Of primary importance has been recognition that reliance upon 
chemical control alone is not the cure for continuing pest 
problems, and that these poorly understood compounds can be 
extremely disruptive to other delicate life systems. This 
recognition has been in part coercive, and in part a matter 
of production economics. Coercive curtailing of widespread 
use of persistent chemical insecticides is currently being 
affected by governmental and public agencies. At the same 
time, producers are becoming more aware of the variety of 
solutions that should be considered, and must be considered 
in view of current economic conditions. 
This current emphasis on broadly-based multifactorial 
systems has been called "Pest Management", and includes two 
primary tenets (Smith 1969). These are: (1) consider the 
agroecosystem and (2) economic-injury levels. Both ideas 
should be important, even in a strictly monofactorial system. 
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but they attain an especial significance in pest management. 
The name itself connotes that we are willing to accept popu­
lation levels of insects that have been shown to be non-
economic. This connotation emphasizes the reliance of manage 
ment systems on a working knowledge of economic-injury 
levels and interactions within the agroecosystem. 
The author believes that these levels are poorly known 
for pests of soybean, particularly for those which cause in­
direct damage such as removal of leaf tissue. Several in­
sect species damage soybean by removing foliage. One of the 
more important of these is the green cloverworm, Plathypena 
s cabra (F.). 
In order to achieve a better understanding of the popu­
lation processes of this species, and to further our knowl­
edge of it toward a management system, this study was con­
ducted with the following objectives: 
1) To determine the accuracy of previously determined 
theoretical economic-injury levels through field-
plot infestation. 
2) To isolate agronomic characteristics of the soybean 
plant that respond to defoliation by the green 
cloverworm. 
3) To investigate winter moth survival in potential 
overwintering sites. 
3 
4) To determine the lethal low temperature of the pupa 
of the green cloverworm when complexed with time. 
5) To define the supercooling point of all life stages 
of the species succeeding the egg. 
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REVIEW OF LITERATURE 
The Green Cloverworm, 
Plathypena scabra (Fab.) 
Taxonomy 
The green cloverworm was first described by Fabricius in 
1794. Walker (1859, p. 34) placed Fabricius* Hyblaea scabra 
into junior synonomy under Hypena scabra, along with Crambus 
palpatus Haworth (1812, pp. 336, 361) and Hypena palpalis 
Stephens (1829, p. 12). Walker gave a description of Hypena 
erectalis Guenee (1854), as did Grote (1872). Lintner (1873) 
studied his personal collection and discovered that all speci­
mens of Hypena scabra Fab. were male, and all Hypena erectalis 
Guen. were female. As a result of his study, he concluded 
that the 2 were the same species. He communicated this fact 
to Grote, who later (1873) erected the genus Plathypena 
with Fabricius' scabra as the type species. 
Barnes and McDonnough (1917, p. 92) gave the synonomy 
of Plathypena scabra as : 
Plathypena Grt. 
scabra Fabr. 
erectalis Guen. 
palpalis Haw. 
obesalis Steph. 
ab. subrufalis Grt. 
Smith (1895) gave a description of the genus and a list of 
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the early taxonomic literature (1893, 1895). Smith (1895) 
also gave the most complete technical description of the adult 
to date. A selected bibliography including all pre-1900 
publications and the major post-1900 publications was pre­
sented by Stone and Pedigo (1972b). 
Zoogeography of P. scabra 
The zoogeography of P. scabra was given by Walker (1859) 
as the United States and Nova Scotia. Grote (1872) modified 
this to "...throughout the Atlantic District." Riley (1885) 
indicated the moth was common in almost every portion of the 
United States, while Smith (1895) gave the habitat as "Nova 
Scotia to Texas; east of the Rocky Mountains...." Forbes 
(1954) gave the distribution as "Quebec and Nova Scotia to 
Alabama and Texas, west to the Rocky Mountains." Hill (1918, 
1925) gave distribution maps for the species, and stated that 
it occurred throughout the United States and southern Canada 
east of the ninety-eighth meridian, except for small portions 
of the Gulf coast and southern Florida. Stone (1970) updated 
Hill's distribution maps using the Cooperative Economic In­
sect Report• (1957 through 1969) and personal communications. 
Pedigo, et al. (1973) more accurately defined the distribution 
to include all major soybean-growing areas of the United 
States, but could not substantiate the occurrence of the 
species in several alfalfa and clover-producing areas. They 
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postulated that the western advance of the species could be 
actual movement of the species, or results of more collecting, 
better reporting, or both. The only report of capture out­
side of North America was that of a single female caught at 
Lee, Kent, England on August 31, 1956 (Bradley 1960, Bruce 
1961). 
Food plants 
Clover (Trifolium pratense) and alfalfa (Medieago sativa) 
are the common host plants for P. scabra, but it has been 
reported to feed on leguminous plants in general. Riley 
(1880) reported that clover and Robinia served as host 
plants. Coquillett (1881) found larvae only on clover, while 
Riley (1885) stated that he had found the larvae feeding on 
grass and had reared them on Solidago. Chittenden (1901) added 
several plants, including tickweed (Meibomia sp.), garden 
bean, lima bean, vetch, strawberry, and blackberry. Britton 
(1909) reported that the larvae fed on garden pea, and Hill 
(1918) added cinguefoil, wild carrot, cowpea, giant ragweed, 
and smartweed to the list of host plants. Hill (1918) reported 
the species feeding on soybeans, as did Smith (1919), Sherman 
and Leiby (1920) , Britton (1920), Hawley (1922), and Balduf 
(1923). Hill (1925) compiled a list of previously known host 
plants and added willow, velvetbean, and broadbean. He re­
ported that smartweed and morning-glory were eaten to some 
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extent/ and that a partly grown larva had been taken on 
Lespedeza procuinbens and was subsequently reared to adult on 
it. Hill (1925) also reported that co-workers collected the 
larvae on grasses, but stated that none was seen in the act 
of feeding, and indicated that the larvae had probably 
wandered from nearby leguminous plants. In tests conducted 
by Hill (1925), newly hatched larvae refused to eat barley, 
rye, Johnson grass and orchard grass. Corn and crabgrass 
were eaten to some extent, but no larvae matured on these 
plants. Hill's negative results with cereals and grasses 
forced him to reject these as food plants. 
Pedigo et al. (1973) compiled a list of 34 plant species, 
11 of which were additions to the list of Hill (1925). They 
concluded that in Iowa, soybean and alfalfa were the primary 
host plants. 
The adult has been observed feeding on nectar of the 
blossoms of the host plants (Hill 1925). The availability 
of water has been indicated to be very important to the 
adult (Pedigo et al.. 1973) . 
Description of stages 
Egg The egg was described by Coquillett (1881) as 
"...globular, slightly flattened above, more decidedly so 
below; lower half smooth; upper half deeply grooved, the 
interspaces rounded and marked with fine transverse impressed 
8 
lines; whitish, the upper half sometimes dotted with dark 
brown; transverse diameter nearly 1/2 mm." Chittenden (1901) 
repeated Coquillett's description and illustrated the egg in 
two views. Hill (1918) gave a very superficial description 
of the egg, as did Sherman and Leiby (1920), who also gave 
figures of the egg. Britton (1920) reported the egg to be 
0.35 mm in height and about 0.5 mm in diameter, while Balduf 
(1923), in his description, stated that the transverse 
diameter was nearly 0.5 mm. The most complete description 
was that of Hill (1925). Stone (1970) and Pedigo et al. 
(19 73) gave only brief descriptions of the newly deposited 
egg, but gave detailed descriptions of morphological changes 
externally obvious during egg development and hatching. 
Larva Comstock (1879) gave a brief description of the 
larva of P. scabra, as did Riley (1880), but Riley (1880) added 
the important fact that it has only 3 pairs of ventral ab­
dominal prolegs. Coquillett (1881) noted two larval molts 
and observed the color and markings to be the same after 
each. He recorded the larva to be about 1 inch long at 
maturity.. 
Chittenden (1901) divided his larval descriptions into 
(1) the first stage, (2) the penultimate stage, and (3) the 
last stage. In doing so, Chittenden was the first worker 
to note the presence of a distinct prepupal stage. He pre­
sented figures of the penultimate stage because it was 
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"more characteristic of the species than the final stage be­
fore pupation." Britton (1909) also mentioned a distinctly 
different last larval stage in his rather sketchy description. 
Hill (1918) added little but stated that the newly hatched 
larva is about an eighth of an inch long. Sketchy descrip­
tions have been given by Smith (1919), Sherman and Leiby 
(1920), Britton (1920), and Balduf (1923). Hill (1925) 
gave very complete descriptions and illustrations of each 
of the six larval instars seen by him in his work. 
Most authors report the presence of only 6 larval stages 
in this species. Stone and Pedigo (1972a) reported that 7 
stages occurred 24.2% of the time. 
Stone (19 70) and Pedigo et al. (1973) also reported head 
capsule widths of the larval stages of the green cloverworm. 
Their results differed slightly from the mean head-capsule 
widths obtained by Hill (1925), but encompassed a greater 
number of larvae. Some overlap of measurement existed be­
tween head capsule widths of different stages, but they con­
cluded that, in most cases, the head capsule width can be 
reliably used for stage identification. 
Pedigo et al. (1973) gave a detailed description of 
ecdysis of the green cloverworm. The total time required was 
found to vary from 16-35 hours, but was normally 16-21 hours. 
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Prepupa Chittenden (1901) and Britton (1909) re­
ported the presence of a distinct morphological change in the 
last larval stage. Hill (1925) gave a briof discription of 
this prepupal stage, as did Pedigo et al. (1973). The latter 
group also described a change in the color of the fecal 
material by the last larval stage just as it entered the 
prepupal stage. 
Pupa Comstock (1879) was the first worker to give 
a good description of the pupal stage of the green clover-
worm. Riley (1880) compared the pupa to that of the cotton 
leafworm (Alabama argillacea), but separated the two on the 
basis of the hook-like spines present on P. scabra. Coguil-
lett (1881) added only that the length of the pupa was about 
14 mm. Illustrations were given by Smith (1919), Sherman and 
Leiby (1920), Britton (1920) and Hawley (1922). Hill (1925) 
gave the most complete technical description, and superficial 
descriptions were given by other authors (Coquillett 1881, 
Britton 1909, 1920, Hill 1918, Smith 1919, Hawley 1922, and 
Balduf 1923). 
Most authors agree that pupation occurs in or on the 
soil in a loose web, or in a rolled leaf (Britton 1909, 1920, 
Hill 1918, 1925, Sherman and Leiby 1920, Hawley 1922, Balduf 
1923 and Stirrett 1931). Pedigo et al. (1973) reported that 
in soybean, pupation may occur in the plant canopy. The 
prepupa was found, in some cases, to web a leaflet or leaflets 
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together and pupate in the folds created by the webbing. 
They found that 10.4% of the pupae in their study had pupated 
in the canopy. 
Adult Emergence of the adult from the pupal exuvium 
was described by Pedigo et al. (1973), who also gave a brief 
description of the moth. Many other authors have also given 
brief descriptions of the adult, but a technical description 
was given by Smith (1893). Sexual dimorphism is pronounced 
in P. scabra/ and separation based on color patterns is 
normally sufficient. The sexes may also be separated using 
the relationship between eye diameter and the distance between 
the eyes on the frons (Pedigo et al. 1973). Hill (1925) re­
ported that the single, long, strong spine comprising the 
frenulum of the male could easily be distinguished from the 
2 small, diverging spines on the female. 
Adult flight and biological activity were described by 
Pedigo et al. (1973). They found that flight activity in­
creased as light dropped from 3 ft-c to less than 1 ft-c. 
Their blacklight trap caught adults only between 8:00 PM and 
2:00 AM CDT. 
Adult activity measurement by light-trap collection 
has not been commonly reported in the literature. Knutson 
(1944) collected noctuid moths from April to September, 
1938-1940 in Minnesota with 10 light traps of different 
12 
colors (5 incandescent/ 5 fluorescent). He recorded moth 
flights as early as the first week in May, with peak flights 
the last 3 weeks in July. Knutson's total catch was 335 
adults with a sex ratio of 1.3:1 (male to female). 
Pedigo et al. (1973) also reported peak 1970 moth flight 
in July using light-traps. Their collections showed no clear 
generation or seasonal patterns, but were extremely biased 
in sex ratio toward males (558 males:85 females). Because 
natural larval populations showed no bias in sex ratio, they 
believed that the blacklight trap was more attractive to 
males than to females. 
Stadia 
The life history of the green cloverworm has been studied 
by several authors, most completely by Hill (1925), Smith and 
Franklin (1961) and Stone and Pedigo (1972a). Many other 
authors have contributed to knowledge of the stadia of indiv­
idual instars. 
The egg stadium was given by Coquillett (1881) as 4 to 
6 days. He recorded 25 days for larval development and 12 
to 14 days for the pupa. Hill (1918) reported a 4 day egg 
stadium and a 4 week larval stadium. He found that 8 days 
were required for the pupal stage in ordinary summer weather, 
but stated that this was greatly prolonged during cold weather. 
Sherman (1920) gave stadia for the egg (4 to 5 days), prepupa 
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(2 days) , and pupa (11 days) . Sherman and Leiby (1920) gave 
5 days as the average egg stadium and 11 days for that of the 
pupa. 
Hill (1925) found 3.9 days to be the average egg incu­
bation period for summer and early fall, but a 9.4 day average 
for spring. He reported a 22.84 day average larval life 
with a 12.1 day average pupal stadium. His pupal/stadium 
ranged from 7 to 24 days for 20 specimens. His average of 8 
days for moth life is probably somewhat short, since he took 
his data from moths collected in the field primarily for ovi-
position investigations. Using 4 insects reared in confine­
ment, he obtained a 5 to 9 day range with a 7.25 day average 
(calculated from Hill's data) adult life. 
Smith and Franklin (1961) obtained a slightly longer 
egg stadium (4.5 days), but shorter larval and pupal stadia 
(21.5 days and 11.0 days, respectively). They reported a 
1.5 day prepupal stage, while Hill (1925) reported an average 
of about 2 days in warm weather. Pupal stadia in Smith and 
Franklin's study (1961) ranged from 10 to 13 days with an 11-
day average. .An adult life of 9.0 days was reported in their 
study of 16 green cloverworms. They noted that as the summer 
advanced, an increasingly longer time was spent in the cocoon, 
extending to 2 8 days when not overwintering. The prepupal 
period, which averaged 1.5 days long in their life history 
study, was noted as increasing as the season advanced. Noting 
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that the weather became quite cool during the latter part 
of their rearings, they obtained a 10.8 day average prepupal 
stadium over the life histories of 113 individuals. 
Stone and Pedigo (1972a) reared the green cloverworm 
under 3 sets of environment conditions and found that 
durations of the egg, larva, prepupa, pupa and adult stages 
were 4.8, 18.7, 1.3, 9.4 and 9.3 days, respectively. In 
their study, the period of the adult stage was found to have 
the greatest variability, and they noted that the results 
obtained (9.3 days) were much shorter than those obtained 
in a rearing program they were conducting. The total develop­
mental time of 43.5 days in the study was shorter than the 49 
and 51 days reported by Pedigo et al. (1972a) with 2 experi­
mental field cohorts. Pedigo et al. (1973) reported an adult 
stadium of 22.4 days, with a range of 3.5-49.5 days. They 
found that the mean longevity of 20.2 days for the male was 
significantly less than the 2 4.6 days for the female, and 
concluded that females lived longer than males under their 
greenhouse conditions. 
Larval behavior 
Upon hatching, the larva immediately begins searching 
for food. Normally, it feeds on the underside of the leaf, 
leaving the upper epidermis intact. Feeding in this manner 
continues for a period of time. Sherman (1920) reported that 
this type of feeding is characteristic of the first three 
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instars (7.66 days) on alfalfa. Smith and Franklin (1961) 
reported results similar to Sherman's, stating that the 
second instar begins to eat through the alfalfa leaf, but 
that it prefers to eat at the margins. The main leaf veins 
and midrib are normally left uneaten, but extreme starvation 
may cause the larvae to eat the veins as well as the main 
stem of soybean. Feeding on the blossoms of soybean (Smith 
1919) and pods (Britten 1909, 1920, Hawley 1922, and Stirrett 
1931) of field and garden beans has been observed. Thus, 
larval feeding is important in both defoliation and market 
value of the bean. 
The location of feeding on the plant is in question. 
Sherman and Leiby (1920) and Smith (1919) reported that the 
young upper leaves are preferred. In comparisons of sampling 
methods in soybean, Kretzschmar (1948) indicated that "sweep 
samples underestimated the immature stages of all the species 
with the exception of the larvae of the green cloverworm, 
P. scabra" and attributed the difference to the position of 
the larvae on the plants, i.e., "They were all found on the 
upper, well expanded leaves and were easily collected in the 
sweep samples." Pedigo et al. (1973) reported that stages 
1-4 have no preference for plant stratum, but that large 
larvae are found most frequently in the upper third of the 
plant canopy. 
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Ovi position 
Some research has been carried out on ovi position of 
the green cloverworm. Working with alfalfa, Hill (1918) 
found that each female moth produced 200 to 600 eggs in 
the course of her lifetime, distributing the period of laying 
over several days. He reported that the eggs were laid 
singly on the underside of the food plant foliage, usually 
not more than 2 or 3 to a leaflet. Sherman (1920), in 
reference to soybean, did not find a preference for the 
lower side of the leaf. In examination of 1600 leaves, he 
found 6 2 eggs on the upper surfaces to 45 on the lower sur­
faces. Sherman and Leiby (1920) agreed that the eggs are 
laid on either surface of the leaves. 
Hill (1925) reported 11 or more days for the oviposition 
period, and that during spring and summer months, this period 
may extend throughout most of the life of the adult. He 
found a range of 60 to 670 eggs per female with an average 
of 201.2 eggs per female over the 8 day average life of the 
moth in captivity, and a 5 day oviposition period. He re-
emphasized that in alfalfa and clover the eggs were almost 
always on the underside of the foliage in a range from 1 to 
4, with 1 egg per leaf being most common. 
Frost (1955) agreed with Hill's findings. Smith and 
Franklin (1961) noted a preoviposition period of about 10 
days, and obtained an average of 230 eggs per female from 
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4 moths. Pedigo et al. (1973) found that oviposition began 
4-5 days after emergence, and continued for 2.5 weeks. They 
reported that peak oviposition occurred 12-16 days after 
emergence. They described the mating process and reported 
that in female dissections, 1 spermatophore was most frequent­
ly observed, and 2 was the maximum. 
Laster (1962) stated that "Eggs are deposited singly 
on the underside of the leaf..." in his discussion of insects 
affecting soybeans in the South. This was contradicted by 
Pedigo (1971) , who found that leaf pubescence was an im­
portant factor, and that pubescent soybean leaflets showed no 
significant difference between the number of eggs laid on 
upper and lower surfaces. The moths were found, however, to 
prefer the lower surfaces of alfalfa and clover, and ovi­
posit significantly more eggs on the lower than on the upper 
surfaces. He postulated this to be due to the higher leaf-
hair density on the lower surfaces. 
Diapause 
The stage in which the green cloverworm passes the 
winter has been the source of much disagreement in the liter­
ature. Comstock (1879) reported that the moth of P. scabra 
was more frequently sent to him during the winter from the 
South (being mistaken for the cotton leafworm Alabama 
argillacea Hbn.) than any other moth. Because it was sent 
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to him so frequently in the winter, he concluded that it was 
common in the South, and that it customarily hibernates as 
a moth. Coquillett (1881) stated that from the faded and 
worn condition of a gravid moth he had collected, the adult 
appeared to overwinter. 
Chittenden (1901) cited the moth as one of the latest 
as well as earliest species about the city of Washington, 
D.C., and as occurring commonly in buildings as late as the 
first week in December and as early as March 10. He also 
noted flight of the moth on warm, sunshiny days during the 
winter of 1878-1879. 
Sherman (1920), Britton (1920), and Hawley (1922) all 
reported the moth to be the overwintering stage. Riley (1880) 
stated that the moth "...hibernates in the imago state all 
over the country" and that, "In Missouri this chrysalis 
may be found under bark during winter, and it doubtless 
hibernates in both chrysalis and imago state in the South." 
Hill (1918, 1925) also reported the species to pass the 
winter as pupa and adult, as did Balduf (1923), Frost (1955) , 
Smith and Franklin (1961) and Laster (1962). Sherman and 
Leiby (1920) found adult moths alive in winter in North 
Carolina under loose dead bark and similarly sheltered places. 
They also noted that some pupae pass the winter, and ex­
pressed the thought that "perhaps only those which winter as 
pupae and emerge as moths in spring can reproduce." 
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The opinion seen least frequently is that expressed by 
Nettles et al. (1970), i.e., that the pupae alone pass the 
winter, and emerge to oviposit in the spring. 
Voltinity 
The number of generations of P. scabra in a season 
varies in the literature from 2 to 4, depending on the 
location of the author. Coquillett (1881) reported that 
2 generations occurred in the latitude of Woodstock, Illinois, 
as did Hawley (1922) in New York. Hawley added that a partial 
third "brood" may occur in New York in long summers. 
In the District of Columbia, Comstock (1879) reported 
2 generations per year, but Riley (1885) found 2 or 3, and 
Chittenden (1901) found 3 well-marked generations. Balduf 
(1923) stated that there were probably 3 generations in the 
area around Marietta, Ohio. Sherman and Leiby (1920) noted 
3 or 4 generations that seemed well-defined in North Carolina, 
as did Nettles et al. (1970) in South Carolina. Hill (1918, 
1925) and Laster (1962) reported that 3 or 4 generations per 
year was the most common number. Hill (1918, 1925) found 4 
well-marked broods in Tennessee, as did Smith (1919) for 
Norfolk, Virginia, and Frost (1955), for Pennsylvania. The 
opposing view that the generations were not "well-defined" 
was reported by Smith and Franklin (1961) and Dean and 
Smith (1935), who felt that timing and frequency of alfalfa 
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cutting were the cause of lack of definition. Pedigo et al. 
(1973) found this to be true in both alfalfa and soybean in 
Iowa, and added that the long ovipositional period and rela­
tively long life cycle were contributing factors. They 
reported 3 "prominent generations" in alfalfa and 1 in 
soybean by considering relative number peaks in selected age 
groups instead of generations, sensu stricto. 
Inimical organisms 
Parasites Several organisms are inimical to P. 
scabra. The first report of parasitism was that of Riley 
(1885) , who reared the chalcid parasite Euplectrus platy-
hypenae Howard from P. scabra larvae. Chittenden (1901) 
reared a tachinid parasite from a P. scabra pupa. Sherman 
(1920) reported very high parasitism of the egg by Tricho-
qramma pretiosa, and of the larvae by a tachinid now known 
as Euphorocera claripennis (Macguart). In all, he recorded 
8 species of parasites from P. scabra. Balduf (1923) re­
ported that some parasitism by a braconid, Aleiodes inter­
me di us Cresson was found, but he found the chief internal 
parasite to be the red-tailed tachinid Winthemia quadripustu-
lata F. Muesebeck (1922) added 2 more species before Hill 
(1925) compiled previous work with his own, with a single 
list containing 14 hymenopterous and 14 dipterous parasites. 
Thompson (1946) listed 33 species of parasites and 
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Kretzschmar (1948) added a single new one. Whiteside et al. 
(1967) found 20.4% larval parasitism in Delaware by 11 
species, only 4 of which were greater than 1%. They also 
reported 4 species that had not been previously recorded 
as parasites of P. scabra. 
Barry (1970) reared 1300 green cloverworm larvae 
collected near Columbia, Missouri in 1969 and obtained 245 
primary parasites representing 3 tachinid and 5 braconid 
species. He found that Rogas nolophanae, Protomicroplitis 
facetosa, Winthemia sinuata and Apanteles marginiventris 
were the predominant species, and accounted for 6.4, 5.0 
3.3 and 2.7% parasitism, respectively. He concluded that 
parasitism tended to level off at 12-15%, but that this 
was lower than had been observed in previous years. 
Lentz and Pedigo (1972) collected 2301 green cloverworms 
in an intensive sampling program near Ames, Iowa and reared 
the larvae to death or maturity. They found a total parasi­
tism of 30.7%. Rogas nolophanae, tachinid flies (Winthemia 
sp.and others), and braconid wasps (other than R. nolophanae) 
were responsible for 19.6, 9.1 and 2.1% parasitism, respective­
ly. Their extensive samples indicated that there were at 
least 7 parasite and 3 hyperparasite species associated with 
the green cloverworm in Iowa. 
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Predators Predators have been reported consuming 
the larvae. Sherman (1920) noted capture of a paper-nest 
wasp in the act of devouring a larva. Sherman and Leiby 
(1920) reported the feeding of birds upon the larvae of 
P. scabra, and noted the presence of "many kinds of predaceous 
beetles and bugs" in the fields in North Carolina during 
1919. Balduf (1923) reported prédation of the larvae by 
paper-nest wasps and 2 species of robber flies. Hill (1925) 
reported 2 Hemiptera species that were predators in Tennessee, 
and Thompson and Simmonds (1964) reported these same 2 species 
as the only known predators. They were Nabis ferus L. and 
Podisua maculiventris (Say), the spined soldier-bug. A re­
port from Florida (Anonymous 1971) indicates that the larvae 
and adults of a carabid beetle (Pallida decora) were seen 
attacking the larvae of several lepidopterous species, in­
cluding the green cloverworm. 
Orius insidiosus was the most prominent predator of 
green cloverworm larvae in a study of survivorship of P. 
scabra by Pedigo et al. (1972a). They also reported that 
Nabis sp. and Chrysopa sp. occurred in their plots as predators 
of green cloverworm larvae. 
Pathogens In 1920, Sherman reported that a bacterial 
disease had killed many of the then maturing larvae, and 
that a fungal disease had been seen infecting the larvae. 
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Hill (1925) reported a single species of fungus (Botrytis 
rileyi Farl.) infecting the larvae, but Stirrett (1931) 
stated that the organism was thought to be a species of the 
genus Spicaria. 
Beegle et al. (1973) reported that a granulosis virus 
of the green cloverworm had been isolated in Iowa from a 
greenhouse colony, and tested a suspension of the virus 
alongside a Bacillus thuringiensis preparation and 6 chemical 
insecticide formulations. They found that the virus sus­
pension did not significantly reduce larval numbers until 
the sixth day after treatment. 
Outbreak populations and economics 
P. scabra has only sporadically occurred in outbreak 
numbers. It is thought to be one of the most common insects 
in alfalfa and clover fields (Hill 1918, Smith 1956, Smith 
and Franklin 1961), but rarely severely infests man's row 
crops. Some authors have stated that the earlier genera­
tions may develop in the clover and alfalfa and later move 
to the other host plants, i.e., soybean, lima bean, etc. 
Smith 1919, Hawley 1922, and Nettles et al. (1970). 
Comstock (1879) first noted that the insect was abundant 
in clover in the vicinity of the District of Columbia, as 
did Coquillett (1881) in Illinois in 1881. Chittenden 
(1901) observed it on bean, soybean, and pea in 1897 and on 
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bean and Meibomia in 1899. Britton (1909) reported injury 
to bean in 190 8 in Connecticut. Hill (1925) reported it 
to be abundant in 1914 and 1915 in alfalfa fields in 
Tennessee. 
By far the most widespread and severe outbreak occurred 
in 1919/ and was reported by Smith (1919), Sherman (1920), 
Sherman and Leiby (1920), and Britton (1920) . The outbreak 
was very extensive, including the Atlantic Coastal Plain 
region of the United States from Maine to Florida (Smith 
1919) and Ontario, Canada (Stirrett 1931). The crop most 
severely injured was soybean, but others, such as kidney 
bean, cowpea, alfalfa, and clover were also damaged. No 
damage was reported in North America again until 1931, when 
soybean, clover, alfalfa, garden bean and cowpea were in­
jured in Iowa, Nebraska, North Carolina, Virginia, and 
Tennessee (Stirrett 1931). Kretzschmar (1948) reported con­
siderable soybean damage in Minnesota in 1944, and MacNay 
(1955) reported extensive injury to soybean and white bean in 
Ontario, Canada in 1955. Ratcliffe et al. (1960) noted losses 
to some soybean growers on the eastern shore and in southern 
Maryland during 1957. 
In Iowa, a recorded outbreak occurred in 1966 (Gunderson 
et al. 1967), when over 200,000 acres of soybeans were treated 
with insecticide^ for green cloverworm suppression. Popula-
^H. Gunderson, Ames, Iowa. Insecticide treatment for P. 
scabra in 1966. Private communication. 1969. 
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tions were low in 1967, but rose again in 1968. In that year, 
an estimated 42% of the total soybean acreage in Iowa 
(1,919,500 acres) was infested with P. scabra, with 233,620 
acres being treated with insecticide (Gunderson 1968). 
Many other states reported damaging infestaions in 196 8, 
including Alabama, Illinois, Indiana, Kansas, Maryland, 
Minnesota, Missouri, Nebraska, Oklahoma, South Carolina, 
Virginia, and Wisconsin (Cooperative Economic Insect Report, 
Volume 18/ 1968). 
A survey of all reports of the green cloverworm in 
Cooperative Economic Insect Reports for 1969-1972 (Volumes 
19-22) indicated that populations were generally lower in 
the United States in 1969 than in 1968, although there were 
several local problems. The decline continued through 1970, 
but local problems increased in 1971, and increased even 
more in frequency of reports in 1972. 
Management of P. scabra populations 
Management procedures utilized to date have included 
mechanical, cultural, and chemical insecticide techniques. 
Britton (1909) suggested the use of lead arsenate on shell 
bean, as did Smith (1919) on snap bean and soybean. Smith 
(1919) advised treatment of soybean as soon as the first 
injuries were noted, and repetition of the application 3 
weeks later, if necessary. If the larvae pupated before 
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management measures could be applied, he recommended throwing 
a furrow toward the base of the plants to cover the pupae, 
to either kill them or prevent moth emergence. 
During the 1919 outbreak of P. scabra on beans, pri­
marily soybean, Sherman (1920) found no definite tests with 
arsenicals, so he recommended that dry dusting of soybean 
with 1 pound of lead arsenate to 8 pounds of dust lime, or 
spraying with 1 pound to 25 gallons of water was the most 
likely choice. He then began tests of his recommendations 
and found them to be quite satisfactory. Sherman and Leiby 
(1920) advised the same combination for P. scabra on soy­
bean as Sherman (1920) at 2 pounds per acre. Britton (1920) 
obtained efficient mortality with solutions of lead arsenate 
and Black Leaf 40 , a nicotinic compound. 
Typical of the more recent extension circulars. Nettles 
et al. (1970) recommend treatment of foliage feeding soybean 
insects at 35% leaf loss before blooming and 20% leaf loss 
from pod set to maturity. Recent research efforts toward 
estimation of efficacy of several chemical compounds have 
shown that carbaryl (Peterson 1970, Beegle et al. 1973), 
malathion (Peterson 1970), toxaphene (Beegle et al. 1973) , 
Dursban (Kenega et al. 1965) , and toxaphene-parathion mix­
tures (Beegle et al. 1973) are highly effective in causing 
mortality in green cloverworm larval populations. Recommenda­
tions for insect pests of soybean in Iowa include carbaryl. 
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malathion and toxaphene (Cooperative Extension Service 1973). 
For suppression of P. scabra on alfalfa. Hill (1918) 
and Smith (1919) suggested regulation of time of mowing the 
field. Hill (1918) suggested that the field should be mowed 
from 10 days to 3 weeks after greatest moth abundance to 
achieve the best control. Hill (1918) also suggested that a 
hopperdozer might be used effectively. 
On crops other than shell beans/ Britton (1909) sug­
gested shaking or brushing the plants to cause the larvae to 
drop into pans of kerosene. He also thought a strong spray 
of soap and water would kill many of the larvae, especially 
the small ones. 
Management Systems and Economic-
Injury Levels 
Management systems 
Widespread negative publicity, governmental pressure, 
and recognition by entomologists of problems associated 
with insecticides has stimulated many entomologists to seek 
cinswers to pest problems that minimize chemical insecticide 
inputs. Answers have been proposed that do not require that 
the more familiar insect control procedures be forgotten, 
but that the procedures be considered in a different way. 
In 1959, Stem et al. (1959) proposed the concept of 
integrated control to mean "applied pest control which com-
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bines and integrates biological and chemical control." With 
the integrated regime, chemical insecticides were still used 
as necessary, but in a manner least disruptive to biological 
systems. Integrated control utilized not only biological 
control agencies (manipulation or introduction of biotic 
agents), but also the naturally occurring biological control 
mechanisms. Its emphasis on the fullest practical utilization 
of natural control mechanisms made it unique in approach 
(Smith 1969). 
In 1960, Geier and Clark (1960) proposed the term "pro­
tective population management" which was shortened by Geier 
(1966) to "pest management." This term has been discussed 
by many authors such as Rabb (1970), who defined it as "the 
reduction of pest problems by actions selected after the life 
systems of the pests are understood, and the ecologic as well 
as economic consequences of the actions have been predicted, 
as accurately as possible, to be in the best interest of man­
kind." In short, pest management moves away from the 2-
factor approach suggested by the original definition of 
integrated control, and accepts any factor or combination of 
factors that can be utilized in reduction of pest numbers 
below economic levels. 
In reality, integrated control has evolved from the 
original definition into near-synonomy with pest management, 
and is now often used interchangably with it (Rabb 1970). 
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However, pest management is probably used more often because 
it implies a wider variety of options in solutions to pest 
problems. A basic requirement in either system is knowledge 
of population levels that cause economic damage (Chant 1964, 
Smith 1968, Stem et al. 1959, National Academy of Science 
1969, Southwood and Way 1970, Gonzalez 1970, etc.). 
Economic-injury levels 
The economic-injury level is the lowest population 
density that will cause economic damage (Stern et al. 1959). 
It is, thus, the population level that will cause the amount 
of injury which will justify the cost of suppression proce­
dures, and as such may vary from area to area, season to 
season, and will vary from host to host and pest to pest. 
Establishment of the economic-injury level is fundamental 
to management programs, for the grower does not wish to 
increase costs with the use of prophylactic treatments, nor 
does he wish to lose yield because protective measures were 
not taken. Other thcin consideration of costs, the grower 
should not contribute to problems associated with heavy use 
of pesticides, such as resistance, resurgence of treated 
species, replacement of the treated pest species by another 
species, residues, etc. (Stern 1966). 
The economic-injury level has been suggested to be a func­
tion of 4 primary factors (Stone 1970, Pedigo 1972). 
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These are as follows ; 
1) Market value of the crop 
2) Total cost of management procedures 
3) Tolerance variation of the plant caused by charac­
teristics of the soil, cultural practices, etc. 
4) Feeding behavior of the insect 
The economic threshold is that point at which management 
procedures must be initiated to keep the pest from reaching 
the economic-injury level. The establishment of economic 
thresholds requires that enough be known about the pest species 
to enable prediction that the pest population will exceed the 
economic-injury level. Economic thresholds have been given 
for most pest species attacking alfalfa in California (Stern 
1966) . Stem also gave economic thresholds for Lygus hesperus 
on cotton (10/50 sweeps with each nymph counting as 2) and 
for Heliothis zea on cotton (4 larvae/100 cotton plants) 
and on sweet corn (essentially 0). Precise economic thres­
holds for pests of soybean have not been demonstrated. 
Supercooling 
The ability of many insects to survive the winter in 
cold climates may be largely due to supercooling, defined by 
Salt (1966a) as "cooling below the crystallization equilibrium 
temperature (nominal freezing point) of their tissues without 
ice formulation." This is often regarded as an avoidance of 
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freezing, but supercooling is not a property that prevents 
or overrules freezing. Water, if it were pure, would super­
cool 54-72°F before forming an ice crystal (Salt 1961). The 
extent of supercooling is determined by the amount of sub­
stances in a solution and their efficiencies in serving as 
nuclei for ice crystal formation. 
The ability of insects to supercool may, therefore, be 
affected by the concentration of various solutes in the 
hemolymph (Somme 1967). The effect of acclimation and anoxia 
were determined by Somme (1967, 1968) to be a lowering of 
supercooling points and a concurrent increase in concentrations 
of various solutes in the hemolymph. Many insects which have 
low supercooling points also have glycerol in the hemolymph, 
sometimes in high concentrations (Chapman 1969) , however, 
insects may supercool which do not contain glycerol (Somme 
1968, Salt 1961). Somme (1967) concluded from his work that 
the effect on supercooling exhibited by glycerol is not 
unique, but that several solutes in the hemolymph may have a 
similar effect. 
Supercooling is often expressed quantitatively in terms 
of temperature alone, but the effect of cooling rate has been 
shown to be extremely important (Salt 1966a,b,c) and thus 
should be given along with supercooling points. Salt concluded 
in his 3 papers (1966a,b,c) that the general temperature range 
within which an insect freezes is determined by intrinsic 
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factors such as nucleating agents and body water, but that 
the specific freezing temperature within this range is 
determined by extrinsic factors, such as the cooling pattern 
and element of chance in nucleus formation. 
Salt (1966a) reported that a knowledge of a species 
reaction to a particular cooling regime in the laboratory 
is useful for an interpretation of its reaction to natural 
conditions, since the usual supercooling point represents a 
near-minimum temperature for survival. Supercooling points 
have been used with insect species for indications of 
winter hardiness and survival. 
Decker and Cunningham (1967) conducted studies of 
mortalities of the potato leafhopper and some related 
species under various temperature and humidity regimes. 
Their results indicated that there was little reason to 
doubt that the potato leafhopper could survive the conditions 
present in a dispersion flight from southern areas, and 
that Empoasca fabae could probably not survive Illinois 
winters. 
Decker and Maddox (1967) continued the efforts of Decker 
and Cunningham (1967) to determine the potential of the potato 
leafhopper to overwinter in the Midwest. They compared timed-
exposure trials at different temperatures with supercooling 
points of 4 species of Empoasca, and found similar relation­
ships. At a cooling rate of 3.6-9°F/min from room tempera­
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ture to 32°F and ca. 1.8°F/ndn in the range where mortality 
occurred, they found a supercooling point of OT for the 
potato leafhopper, and concluded that their results seemed 
to confirm that winter survival of the species in the Mid­
west was highly improbable. A closely related species (E. 
recurvata) was found to have a supercooling point of -3.0®F, 
and yet readily survives Illinois winter conditions. They 
determined that the distribution of their data for E. re­
curvata was distinctly bimodal, and that those individuals 
in the lower group were the ones that survived. They con­
cluded that a heterozygous condition for cold-hardiness was 
responsible. 
Armbrust et al. (1969) determined the supercooling 
points of eggs, larvae, pupae and adults of the eastern 
strain of the alfalfa weevil (Hypera postica). At a cooling 
rate of 4°F/min after reaching 15®F, they found that the egg 
was the most cold-hardy stage, and that newly hatched larvae 
were more cold hardy than more mature larvae. They also 
found that the supercooling point rose with larval maturity, 
and with increasing age of the adult (reared at 72°F). 
Storage temperatures of 40 and 60°Fwere found to significantly 
reduce the supercooling point from fed larvae reared at 70°F, 
but no difference was found between larvae reared at 40 and 
60°F. Starvation was found to significantly reduce the 
supercooling point of the larvae. Recovery of some adults 
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after supercooling led these researchers to postulate that 
the supercooling point may not actually be the lowest lethal 
temperature. 
Roberts et al. (1972) reported the supercooling points 
of pupae of 10 species of Lepidoptera found on soybean in 
Illinois. In a freezer with an ambient temperature of -36°F, 
they obtained a cooling rate of -4.81°F/min after reaching 
14°F. Supercooling points were found to range from -6®F for 
Arkansas-collected Heliothis zea to -20°F for diapausing 
Diacrissia virginica (yellow woolybear). Significant dif­
ferences in supercooling points of sexes were found in pupae 
of only 1 species / where the male supercooled lower than the 
female. Tests for recovery of 2 species after supercooling 
were conducted, and 100% mortality was found in each species. 
They concluded that the supercooling points for both species 
represented the lethal limit of low temperature. 
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METHODS AND MATERIALS 
Economic-Injury 
Levels 
Field trials of economic-injury level values of the 
green cloverworm on soybean were carried out in 1970, 1971 
and 1972. The techniques utilized and larval numbers in­
fested varied over the 3 years, so each year must be con­
sidered individually. 
Several factors were common to all the trials. All 
field trials were conducted in the Insectary garden, Iowa 
State University Campus, Ames, Story County, Iowa. The 
plant stages infested were also the same in all years, viz., 
full-bloom and pod-fill. The insect stage infested was also 
the same in all years. Stone and Pedigo (1972a) have shown 
that greater than 97% of the total foliage consumed by larvae 
during development is consumed after the third larval stage. 
Pedigo et al. (1972a) have shown that a major portion of larval 
mortality occurs before the fourth stage. For these reasons, 
late-third and early-fourth stage larvae were used in all 
infestations. 
1970 
In 1970, 40 plots of Amsoy variety soybean were machine 
planted in a randomized block design (4 replications of 10 
plots each). Each plot consisted of a single 3.5 ft row 
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containing ça. 35 plants. The plots were planted on 30 in. 
centers with border rows between each plot and an alley of 
4 ft between replications . 
Each plot was isolated from every other plot by the 
installation of 3.75 in. corrugated-aluminum grass border 
around the plot such that 2.75 in. projected above the soil. 
The aluminum border was placed parallel to the plot row, 20 
in. from it on either side, and a common metal border was 
established between replications equidistant from each. 
The top 1 in. of the border material was treated with 
Tanglefoot (The Tanglefoot Company, Grand Rapids, Michigan) 
to detect larval migration. 
Seven treatments were planned; 3 levels of infestation 
at full-bloom, 3 at pod-fill, and a single check. Upon 
plant emergence, damage occurred to some plots through rabbit 
feeding, therefore 7 plots were selected in each replication 
for the least damage and best plant population. 
The 1970 trials were initiated before completion of the 
calculation technique devised by Stone and Pedigo (1972a) 
to provide theoretical economic-injury levels. Therefore, 
the larval numbers used for infestation in 1970 were simple 
estimates of economic-injury levels based on past ex­
perience and available literature. 
The larval infestation numbers selected for full-bloom 
were 1, 2 and 3 larvae/plant for the low, medium and high 
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levels, respectively. Infestation of the plots was begun 
July 7r 1970 and terminated July 16, 1970. Due to restricted 
larval availability, the final infestation numbers achieved 
were 0.86, 1.71 and 2.63 larvae/plant. For this same reason, 
plot size was reduced for the pod-fill infestation to 10 
plants (as near 1 ft of row as possible). The plots were in­
fested July 28, 1970, with 1, 3 and 6 larvae/plant for the 
low, medium, and high pod-fill infestation levels, respective­
ly. 
Upon plant maturity, the plots were harvested with a 
portable gasoline-powered thresher (LPT Plot Thresher, Allan 
Machine and Supply, Ames, Iowa) and bean weight was recorded. 
No attempt was made to dry the beans. 
1971 
In 1971, the plots were hand-planted (Garden Wheel 
Planter, New Columbia III, Roth Industries Inc., Alma, Mich­
igan) on 30 in. centers at the rate of 10 Amsoy variety seeds/ 
ft. Four replications of 8 plots each were established. 
Each 6-ft plot consisted of 3 sections, the outer 2-ft sec­
tions serving as intra-plot borders, and the center 2-ft 
section as the infestation area. Border rows were established 
between all plots and a 3-ft alley separated replications. 
Eight treatments were randomized over each replication. 
The treatments consisted of 4 levels of larval infestation 
at each of 2 soybean growth stages (full-bloom and pod-fill). 
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The technique for calculation of theoretical economic-injury 
levels of Stone and Pedigo (1972a) was completed prior to 
these infestations. Therefore, larval numbers used in the 
infestations were based on these calculations. The economic-
injury levels for soybean full-bloom (stage 5) and pod-fill 
(stage 7) were 30.2 and 25.5 respectively. Infestation 
numbers were selected to encompass the economic-injury level 
at ca. 0.5 and 2 times its value. Thus, for full-bloom, the 
infestation numbers were 0, 15, 30 and 60 larvae/row ft, 
while for pod-fill, the numbers were 0, 10, 25 and 50 larvae/ 
row ft. 
At the time of full-bloom infestation, all plants to 
be infested were separated from their intra-plot borders 
by loosely encircling them with string. The border plants 
were pulled away from these and bound with string. Foliage 
of the border rows was clipped to completely isolate the 
plants to be infested. Plot isolation and infestation for 
full bloom were accomplished July 10, 1971. The plots were 
infested at 9:00 PM, under conditions of low light and 70°F. 
The number of plants/plot was recorded at infestation. 
Three days after infestation, an infested plot from 
each replicate was randomly selected and censused for larvae. 
The census consisted of examining each leaf and stem of each 
plant and recording the number of larvae found. Comparison 
of the number of larvae found with the number originally 
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infested in each plot allowed estimation of larval success 
in establishment. A second census of 4 randomly selected 
plots was conducted 5 days after infestation among infested 
plots not previously censused. The border rows of all 
censused plots were checked for larvae with a Model I-A 
D-Vac Vacuum Insect Sampling Machine (D-Vac Co., Box 2095, 
Riverside, California 92506). 
Significant larval disappearance was noted in the 
censuses following the full-bloom infestation, indicating 
that caging the plots would be necessary for future infes­
tations . The plots for the pod-fill infestation were cleaned 
with the D-Vac and inspected by hand before the cages were 
put on. The cages were formed by draping a 108 in. by 108 in. 
square of nylon tulle (18 mesh/in.) over 4 stakes driven 
into the ground at the corners of the area to be enclosed. 
The material was then stapled to each of the wooden stakes, 
and the excess material at the cage bottom covered with soil. 
In this way, a cage 36 in. tall by 30 in. wide by 24 in. 
long was formed over the 2 row ft to be infested. One end 
of the cage was left open to allow entrance for infestation, 
and stapled after the larvae were placed on the plants. The 
number of plants in each plot was recorded at the time of 
infestation. 
The cages were placed on the plots August 20, 1971 
for the pod-fill infestation. Larvae were infested at 
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8:00 PM August 21, 1971, under conditions of low light and 
75°F. Due to the presence of the cage, no census was 
conducted for the pod-fill infestation. No larvae could be 
found August 30, therefore the cages were removed from all 
plots August 31, 1971. 
All plots were harvested October 4, 1971, by placing a 
large pan against the base of the infested plants, clipping 
the plants at ground level, and placing them in the pan. 
When shattered pods were noted, the ground was examined for 
loose soybeans. The pan was then removed from the plot area, 
and the pods carefully stripped from each plant. The pods 
were shelled by hand and the weight of the pods and soybeans 
recorded separately. Paper bags containing these materials 
were placed in a dry-heat forced-air oven at 70°C and weighed 
at 2-day intervals until no weight change was noted from the 
previous period. In this way, all materials were dried to a 
constant percentage moisture for data collection. Counts 
were recorded for the number of beans and pods for each plot. 
Bean volume was determined by water displacement. The total 
bean weight and empty pod weight were recorded, and weight 
loss in drying was calculated. 
1972 
In 1972, 5 replications were planted on 30 in. centers 
to 8 plots of 5 ft each. Border rows were established 
between plots and 3 ft alleys were left between replications. 
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The plot rows were planted with a 7.5-ft 2 x 4 in. board 
with 0.S-in.-diam. dowelIs projecting 2 in. from it at 1.5-
in. intervals. The board was pounded into the row area, 
and removed for seed placement. Three Amsoy variety seeds 
were placed into each hole, and the area covered with soil. 
At stage 1 (plants 6-8 in. tall), the plots were thinned 
such that only 1 plant remained for each hole formed by the 
board. The technique gave a very homogeneous intra-plot 
plant stand at the recommended plant population for 30-in. 
rows of 8 plants/ft (Scott and Aldrich 1970). The 5-ft plot 
was established to allow an actual plot area for infestation 
of 4 ft, i.e., only the inner 4 ft were available, leaving 
a minimum of 6 in. on the end of each plot as a border. 
Within the 4-ft plot, the most homogeneous 2 ft of row 
(based on general plant quality and most even plant stand) 
was selected at the time of infestation. 
With 8 plants/row ft, the theoretical economic-injury 
levels calculated by the technique of Stone and Pedigo (1972a) 
are 4.32, 13.92, 24.16, 20.40 and 28.40 for soybean stages 
1, 3, 5, 7 and 9, respectively. Two plant stages were in­
fested, viz., full-bloom (5) and pod-fill (7). The popula­
tion levels selected to test these theoretical economic-
injury levels were 0, 0.5, 1 and 2 times the value calculated 
for the respective stage. Thus, the infestation levels were 
0, 12, 24 and 48 larvae/row ft at full-bloom, and 0, 10, 20 
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and 40 larvae/row ft at pod-fill. Two check plots were neces­
sary to negate any accumulative effects of caging the same 
plot twice. 
Prior to infestation, each plot was cleared of other 
species with the D-Vac. After infestation, each treated plot, 
including the proper check plot, was caged by the same 
technique as in 1971. The cages prevented plot census for 
larval numbers. 
All plots were harvested October 2, 1972 by hand. Each 
plant of each plot was removed from the plot area intact and 
harvested individually. The main stem was separated from 
the branches and each component placed in marked paper bags. 
All bags were dried at the same time in a forced-air dry-
heat oven at 70°C. Sample bags were marked with their 
weight, and reweighed at 2-day intervals until no weight 
change was noted from the previous weighing. Total drying 
time was 6 days. 
Following drying, 7 agronomic components were measured 
separately for the main stems and branches. These were; pod 
weight, number of pods, bean weight, number of normal beans, 
number of beans showing reduced or no development, bean volume, 
and stem weight. 
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Overwintering Potential 
Field trials 
Preliminary investigation Preliminary overwintering 
trials were carried out during the winter of 1968-1969. Two 
sites were selected in the Insectary garden on the Iowa 
State University campus. The sites were; 1) an open, grassy 
area near corn plots, and 2) an area near site 1 in tall 
weeds. Three 12 x 12 x 13-in. metal-screened cages were 
partially buried in each area, and 2-3 in. of soybean litter 
were added to each cage. Six moths (3 male, 3 female) and 
6 pupae (3 male, 3 female) were placed in each cage on 
November 1, 196 8 from the greenhouse green cloverworm colony. 
The cages were checked for adult and pupal survival on 
April 7, 1969. 
Intensive investigations 1971-1972 An intensive study 
of overwintering potential of the moth was begun in 1971-
1972 in a screenhouse also located in the insectary garden. 
The screenhouse was divided into 14 x 14-ft rooms, and 3 
were selected for infestation with moths and temperature-data 
collection. Rooms 1, 2 and 6 were selected and a single 
quadrant randomly assigned for the study. The area in each 
room, other than the experimental quadrant, was cleaned 
of all debris and tramped to eliminate resting sites for the 
moths. Plant litter from soybean grown in each room was heaped 
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in the selected area. Scarcity of litter material necessi­
tated purchase of alfalfa hay to mix with the soybean litter. 
Screenhouse room 1 had an unknown but substantial number 
of moths and pupae from the laboratory, greenhouse and field, 
and room 2 had a smaller number from the same sources. The 
date of infestation, sex, and source of moths for room 6 are 
shown in Table 1. 
Table 1. Dates, sex and sources of moths infested in screen-
house room 6 for winter survivorship (1971) 
Date Number of females 
Number of 
males Source 
September 28 10 4 laboratory^ 
29 2 1 tl 
30 22 2 II 
October 1 0 2 field 
2 3 3 laboratory 
6 1 1 II 
7 4 7 II 
18 2 0 II 
19 0 1 II 
20 0 1 greenhouse 
27 0 5 
Total 44 27 
^Reared in laboratory from field-collected larvae. 
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During the screenhouse winter survivorship study, tem­
perature data were also collected in several sites. A 3-ft 
stake was placed in the center of each litter pile. Two 
sensors were attached to each stake such that the sensor 
projected 1 in. from the stake on its wire lead. In each of 
the 3 rooms, one sensor was placed 0.25 in. off the soil, 
and litter was carefully placed around and above it. In rooms 
1 and 6, the litter was piled to a depth of 4 in., and a 
second sensor was placed on the stake and covered with 2 more 
inches of litter. The second sensor in room 2 was placed 3 
ft above the soil on the stake. All sensors were connected 
by telephone jacks and multi-wire conductor cable to a Model 
44, 12 channel Telethermometer (Yellow Springs Instrument 
Co., Yellow Springs, Ohio 45387) inside the Insectary build­
ing. Temperature readings were taken for each sensor at 8:00 
AM and 1:00 PM daily beginning October 18, 1971. 
A second temperature recording device (Electronik 15 
Universal Multipoint Recorder , Honeywell Inc., Fort Washing­
ton, Pa. 19034) was activated November 18, 1971, that re-
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corded temperatures for each station automatically at 1:00, 
5:00 and 9:00 AM, and 1:00, 5:00 and 9:00 PM CST. Tempera­
tures were recorded from the same stations as previously, with 
an additional 2 screenhouse stations. A sensor was added at 4 
in. above soil level in room 2 so that readings were taken 
in each of the 3 rooms at 0.25 and 4 in. above soil level, but 
under litter. A sensor was also added outside the screenhouse 
at 3 ft above the soil in order to detect reductions in temp­
eratures due to shading by the screen. The recorder was en­
closed in a wooden box constructed for that purpose, and a 50 
watt light bulb was installed inside the box as a heat source. 
Temperatures from the 2 systems were found identical. 
The additional capacity of the final temperature record­
ing system also allowed the installation of 2 open-area data 
collection sites. A litter pile was established in an open 
grassy area ca. 15 ft from the end of the screenhouse. Sen­
sors were affixed in the same manner as described previously 
to a stake in the center of a litter pile at 0.25 and 6 in. 
above soil level. The litter was carefully placed around the 
stake to a depth of 6 in., leaving the sensor at 6 in. ex­
posed. The new sites were wired into the recorder at 10:00 
AM CST on December 7, 1971. 
Clock failure necessitated manual operation of the machine 
from December 7 to December 27, 1971. On these days, tempera­
tures were recorded at 8:00 AM and 1:00 and 5:00 PM. The 
rooms were checked on most warm days after the air temperature 
exceeded 50°F. Temperature data collection was terminated 
May 24, 1972. 
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Intensive investigations 1972-1973 Overwintering 
trials were conducted in 1972-1973 by (1) caging wild moths 
in 2 locations of late-season abundance, and (2) providing 
artificial sites for overwintering in these same areas. The 
cages were 30 x 36 x 40-in. wooden frames with fiberglas 
screening and no bottom. Artificial overwintering sites were 
provided by placing a 1 x 4 x 28 in. board down the middle 
of an 8 X 28 in. rectangle of grooved wood siding. The 
grooves were thus covered for 4 in. of the 8 in. wide siding. 
Joints where such covered grooves existed had previously 
been noted as attractive to green cloverworm moths.^ 
The first site was ca. 1 mile northwest of Ames, in an 
area where large numbers of moths had been noted in late season 
(September 18). It was a grassy, wooded, riverbottom area 
separating a soybean field from a river. Logs, bark and other 
small debris were collected and placed in a small pile in an 
area sheltered by numerous trees, and one of the large cages 
placed over the material. Soil was packed around the bottom 
of the cage to prevent moth escape. Twenty-five moths (15 
females, 11 males) were collected from an area within ca. 
100 ft of the cage and introduced into the cage. In this 
same area, 10 of the boards were dispersed from the soybean 
field to the river. Two were wired to a fence separating 
^L. P. Pedigo, Ames, Iowa. Potential overwintering sites 
of the green cloverworm in Iowa. Private communication. 
1972. 
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the soybean field from the wooded area and the remaining 8 
nailed at various heights to trees along a path to the river. 
The boards were nailed to the trees in such a way that boards 
faced all directions. 
Site 2 was ca. 2.5 miles southwest of Ames. It was 
also a wooded area selected because large numbers of moths 
were present in late season (September 19). The area sepa­
rated a soybean field from a heavily wooded ravine. A cage 
was installed in the same manner as in site 1, and 26 moths 
(17 females, 9 males) were collected from the immediate area 
and introduced into the cage. Three of the boards were 
affixed to trees in the same manner as before at ca. 45 ft 
intervals down a cleared firebreak. Two of the boards 
were hung from the bottom wire of a fence separating the 
soybean field from the wooded area. 
Cabinet trials 
Green cloverworm pupae were collected on August 25, 
1972 that had pupated August 24-25 in rearing cups. The 83 
pupae collected were used in temperature trials to determine 
the mortality caused by 5 constant temperatures. The tempera­
tures selected were 0, 25, 40, 55 and 80®F. The 0®F cabinet 
contained 23 pupae, while each other cabinet contained 15 
pupae. Insects to be tested for survival at 80®F were im­
mediately placed into a cabinet adjusted to that temperature. 
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All other cabinets were set at 6 0  ®F and the pupae placed into 
them. The difference between 60°F and the final test tempera­
ture was divided by 5 and the temperature within each cabinet 
decreased daily by that value, i.e., the 55°F cabinet was 
decreased only l°F/day while the 0°F cabinet was decreased 
12°F/day (in increments of 4° three times during the day). 
By this process, all cabinets (excluding the 80°F cabinet) 
reached their final test temperature on August 30, 1972. 
Dates of removal from the test temperatures were not 
scheduled, but were varied depending upon results from previ­
ous removals, and began 7 days after attainment of test 
temperatures. Upon removal from the test cabinet, the pupae 
were placed in marked containers in a cabinet adjusted to 
80®F. The pupae were checked 24 hours after removal from the 
test temperature for response to light pressure. After this 
period, the containers were checked 3 times daily for adult 
emergence, and the dates, sex, and time of emergence re­
corded. Moths were removed as soon as they emerged to the 
greenhouse colony. 
Supercooling point 
The method used in determination of the supercooling 
point was essentially that of Decker and Maddox (1967). Two 
balsawood blocks were cut to 1.75 x 1.50 x 0.63 in. and a 
cavity was cut into 1 side of each block. A 0.63 in. diameter 
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depression was cut into one cavity and a thermocouple in-
bedded into it. A slot was cut from the thermocouple to the 
end of the block for the wire exit. This thermocouple was 
attached to a Multilead Temperature Reader with a 0 
to 120°F reading capacity. A thermistor was placed on 
the thermocouple and attached to a Bausch and Lomb VOM 7 
chart-strip temperature recorder calibrated to record from 
32 to -10°F. The two sensors were held stationary in the 
block with a staple. The two sensing devices were necessary 
to achieve the greatest accuracy. The multilead reader 
allowed constant observation and timing from room temperature 
to 32°F and indicated the proper time to activate the chart-
strip recorder. 
Each insect was placed on the circular thermocouple and 
against the thermistor coupling, and stage, age, sex, and 
ambient temperature recorded. Layers of sterile cotton were 
placed over the insect to keep it stationary without injury, 
and the second wood block fastened over the insect with a 
rubber band. The balsa-wood block containing the insect and 
sensors was placed into a pint ice cream carton by threading 
the sensor wires protruding from the block into a slit cut 
in the side of the carton. The carton was capped, the time was 
recorded, and the entire assembly was hung into a freezer 
adjusted to -15°F. 
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Upon reaching 32°F, the time was noted and the chart-
strip recorder activated. Upon freezing, the insect emitted 
heat of crystallization which was recorded as an instant rise 
in temperature which peaked and returned to a downward path. 
The lowest temperature reached before curve initiation was 
recorded as the supercooling point. During the cooling period, 
the recorder was monitored constantly, and the exact time of 
curve initiation recorded. 
After supercooling point determination, the block 
apparatus was removed from the freezer and the insect placed 
in a marked plastic cup. These cups were monitored for any 
sign of movement or life for a minimum of 4 days. 
Supercooling points were determined in the manner 
previously described for the larva, prepupa, pupa, and adult. 
The insects used were all from a greenhouse colony in its 
third generation from wild moths. Rearing conditions were 
ça. 80°F (near constant) with 16 hours light and 8 hours 
dark on soybean plants. The numbers of insects utilized 
were 10, 11, 12, and 10 for the larva, prepupa, pupa, and 
adult, respectively. Student's t was used to establish the 
significance of differences between the mean supercooling 
points for the different stages. 
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RESULTS AND DISCUSSION 
Economic-Injury Levels 
1970 
The bean yields from the 1970 full-bloom infestation 
are shown in Table 2. These data indicated an illogical 
trend of increasing yield with higher numbers of insects up 
to 3 larvae/plant. Student's t indicated that the medium-and 
high-infestation plot means were significantly higher than 
the check-plot yield at the 5% level. Experience in later 
infestations (1971 and 1972) indicated that the technique 
utilized in these infestations was very poor, therefore, any 
conclusions drawn from these data would be tenuous. 
Table 2. Soybean yields (g/plot) from 3.5 ft plots in­
fested at full-bloom with green cloverworm larvae 
Larvae/ Replication Mean LSD 
Plant 12 3 4 
0 376 308 331 237 313.0 + 29.0 
0.86 290 469 341 370 367.5 + 37.6 
1.71 407 474 470 343 423.5 + 30.9 
2.63 426 413 597 386 455.5 + 47.9 
If the results are accurate, as indicated by the Stu­
dent's t test, then there are 2 alternative hypotheses; (1) 
that the significance indicated at the 5% level is invalid, 
i.e., that this is an instance where the data has shown 
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significance that does not exist (Type II error), and (2) 
that an increase in yield with increasing defoliation may 
not be as illogical as it first appears. 
Although it cannot be proven with these data, a possible 
explanation of how yield might be increased could be as follows. 
Bean production is dependent to a large degree on sunlight and 
the resultant photosynthate produced. The beans at a node have 
been shown by CO^ studies to be filled primarily, but not en­
tirely, with photosynthate produced by the leaves at that 
node.^ Therefore, an excess of sunlight at some nodes and a 
deficiency in others would logically result in normal beans 
at the node of excess sunlight and beans with reduced develop­
ment at the node deficient in sunlight. The leaves of soy­
bean varieties presently grown commercially are near hori­
zontal, resulting in shading of lower portions of the plant. 
This growth pattern could result in sunlight excesses and 
deficiencies at different nodes. If the top leaves reach 
light saturation, any excess sunlight might not be utilized 
efficiently, unless some leaf removal occurred and a portion 
of the excess sunlight reached leaves that were at a level of 
light deficiency. The green cloverworm larva causes holes in 
the leaves rather than removing an entire leaf, and late stage 
larvae have been shown to stratify in the upper portions of 
^R. B. Pearce. Photosynthate production and bean develop­
ment. Personal communication. 1970. 
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the soybean plant canopy (Pedigo et al. 1973). These 2 
factors could allow more light to reach the lower leaves, 
resulting in better bean development at those nodes. A 
population at low niimbers may cause just enough damage to 
allow light to the bottom of the plant, and yet not remove 
enough upper-canopy leaf tissue to greatly reduce photo-
synthate production at the upper nodes. 
The beans yields from the pod-fill infestation in 1970 
are shown in Table 3. The mean yield from the plots increased 
from the check to the medium infestation level and decreased, 
however, calculation of Student's t indicated that the dif­
ferences were not significant. This lack of difference was 
probably due to poor experimental technique. In both 1970 
infestations, the plant populations were poorly controlled, 
and the larvae were left exposed to inimical organisms present 
in the surrounding area. No attempt was made to dry the 
beans to constant moisture percentages, thus, any differences 
due to differential maturity were undetected, and not com­
pensated for. 
No larvae were detected on the tanglefoot-painted metal 
borders separating the plots. This indicates that no larval 
migration occurred between plots in these infestations. 
1971 
A technique for the calculation of theoretical economic-
injury levels of soybean defoliators was completed in 1970 
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Table 3. Soybean yield (g/plot) 
at pod-fill with green 
from 1 ft plots infested 
cloverworm larvae 
Larvae/ Replication Mean ISD Plant 1 2 3 4 
0 186 153 211 136 171.5 + 16.8 
1 207 141 170 204 180.5 + 15.6 
3 131 207 172 233 185.8 + 22.1 
6 114 240 170 153 169.25+ 26.3 
(Stone and Pedigo 1972a) and was utilized in establishing 
population levels for infestation. The technique integrates 
costs, marketing and yield data of agronomists and economists, 
and feeding data obtained by entomologists. Using the tech­
nique, economic-injury levels may be calculated for varia­
tions in market value, insecticidal costs, application costs, 
plant tolerance, plant populations, and insect feeding be­
havior. The technique can best be illustrated by explaining 
the derivation of the numbers of larvae utilized in the 1971 
infestation trials. 
An insecticide commonly used in suppression of green 
cloverworm populations is carbaryl at 1 lb Al/acre in an 
80% sprayable formulation. At this rate and formulation, 
insecticide costs would be $1.00/acre (at $.79/lb of formu­
lation - 1970 cost estimate^). An aerial application cost 
^B. Hodgkin, Union Carbide Corporation Representative, 
Rolling Meadows, Illinois. The cost of carbaryl to the farmer. 
Private communication. 1970. 
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of $1.50/acre (a common charge in Iowa) would bring the 
total cost of suppression to $2.50. 
The market value of soybean has fluctuated greatly, but 
a price thought relatively stable for use in the calculations 
was the mean value/bushel paid to the Iowa farmer from 1965 
to 1969. This value is $2.60/bushel (Anonymous 1970). The 
yield/acre of soybean changes more slowly, but must still 
be estimated for the calculations. The value used was the 
mean yield in Iowa from 1967 to 1969, 30.83 bushels/acre^. 
The total cost/acre ($2.50) was divided by the market 
value/bushel ($2.60) to obtain a value (0.96 bushels/acre) 
that has been called the "gain threshold" (Stone and Pedigo 
1972a). This value is the number of bushels that yield must 
be increased in order to exactly offset the cost of suppres­
sion. In order to use this value in later equations, it was 
necessary to convert it to a percentage of the projected 
yield (30.83 bushels/acre). The result of this conversion 
was 3.1%. 
Calculation of economic-injury levels requires a de­
tailed knowledge of the relationship between yield loss and 
defoliation. Several studies have been conducted on this 
relationship. Among them are Dungan (1939, 1942), Fuelleman 
(1944), Camery and Weber (1953), Neill (1953), Weber (1955), 
^H. Thompson, Ames, Iowa. Yield of soybean in Iowa. 
Private communication. 1970. 
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Gould (1960, 1963) and Begum and Eden (1965). The most usable 
results for economic-injury level calculations were presented 
by Kalton et al. (1949) , who designated and described 10 
soybean growth stages. Kalton et al. (1949) removed 10, 25, 
50/ 75 and 100% of the foliage in stages 1, 3, 5, 7 and S, and 
presented the resultant yield data. They compared 2 varieties 
of soybean, 1 fat-line and 1 thin-line, and found little 
difference in response. More recently, an agronony research 
group at Iowa State University repeated the work of Kalton 
et al. and obtained similar results.^ This same research 
group examined the yield loss caused by defoliation in stages 
2, 4, 6, 8, and 10 (not checked by Kalton et al.). They 
found that the percentage yield losses caused by defoliation 
of the plant during these stages were very near straight lines 
drawn between Kaltons points. 
Stone and Pedigo (1972a) used the data presented by 
Kalton et al. (1949) to calculate a regression of yield loss 
on defoliation, and fitted curves to the data. The percentage 
value obtained from the gain threshold was entered into the 
regression formulae presented by Stone and Pedigo (1972a) to 
obtain the percentages of defoliation necessary to cause a 
3.1% yield loss. The values obtained were 48, 52, 30, 18, and 
26% defoliation for stages 1, 3, 5, 7, and 9, respectively. 
1 
L. P. Pedigo, Ames, Iowa. Current soybean research at 
Iowa State University. Personal communication. 1971. 
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These percentages were then multiplied by the actual total 
foliage (Stone and Pedigo 1972a) present in each of the 5 
stages. The values obtained, 8.8, 28.4, 49.4, 41.7 and 58.0, 
2 
are the amounts of foliage (in. ) that must be removed to 
cause 3.1% yield loss (the gain threshold). Stone and Pedigo 
(1972a) reported that the mean foliage consumption of the green 
cloverworm from egg hatch to cessation of larval feeding was 
16.31 in. under rearing conditions representative of an Iowa 
July. Therefore, the values of absolute defoliation required 
were divided by 16.31 in. , to obtain an estimate of the 
number of larvae required per plant to cause yield loss 
equal to the gain threshold. The results of this division 
were 0.54, 1.74, 3.02, 2.55 and 3.55 larvae/plant for stages 
1, 3, 5, 7 and 9, respectively. 
These per-plant values were multiplied by 10 (the 
number of plants/row foot) to give economic-injury levels for 
the 1971 infestation of 5.4, 17.4, 30.2, 25.5, and 35.5 
larvae/row ft for stages 1, 3, 5, 7, and 9, respectively. 
Soybean growth stages full-bloom and pod-fill (5 and 7) 
were selected for the infestation trials for several reasons; 
(1) It is difficult to obtain large numbers of larvae in 
early season, (2) green cloverworm populations are character­
istically highest in mid-to late-season in Iowa (the 1968 
outbreak in Iowa was associated with stages 5, 6, and 7. 
(Pedigo et al. 1972b) and (3) the sensitivity of soybean to 
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defoliation increases up to stage 7 and decreases thereafter, 
with stages 5 and 7 being most sensitive (Stone and Pedigo 
1972a) . 
A primary objective of the infestations was to determine 
the accuracy of the economic-injury level calculation technique 
of Stone and Pedigo (1972a). Therefore, larval infestation 
levels were chosen to encompass the calculated value for each 
stage, viz., 0.5, 1.0 and 2.0 times the value. 
Based on these proportions, the 2-foot plots were in­
fested with 0, 30, 60 and 120 larvae/plot at full-bloom and 
with 0, 20, 50 and 100 larvae/plot at pod-fill. Three days 
after the full-bloom larval infestation (July 13, 1971) , an 
infested plot in each replication was randomly selected and 
censused for larvae. The census consisted of examining each 
leaflet and stem and recording the number of larvae detected. 
Table 4 presents the results of the census taken 3 days after 
the full-bloom infestation. 
It is quite evident that larval establishment was very 
low, ranging from 6% to 33% of the original number infested. 
The magnitude of larval disappearance in the third-day census 
was unexpected, therefore, a second census was conducted at 
5 days (July 15, 1971) after infestation. A single plot from 
each replication was again randomly selected from the infested 
plots (excluding the plots previously censused). The results 
of that census are shown in Table 5-
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Table 4. Number of green cloverworm larvae originally in­
fested at full-bloom and detected 3 days after in­
festation (1971) 
Replication Original Infestation 
Number 
Recovered 
1 120 11 
2 30 10 
3 60 9 
4 120 7 
Table 5. Number of 
fested and 
festation 
green cloverworm larvae originally in-
detected 5 days after full-bloom in-
(1971) 
Replication Original Infestation 
Number 
Recovered 
1 60 0 
2 60 1 
3 120 1 
4 30 0 
The second census indicated even greater larval dis­
appearance from the plots. The reason for the larval dis­
appearance is unknown, however, several mechanisms are pos­
sible . 
The first is larval mortality due to adverse weather. 
This is unlikely because the larvae were infested at 9:00 
PM under low light and 70and no harsh weather occurred 
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prior to plot census. 
A second mechanism is mortality due to prédation and 
parasitism by other arthropods/ and/or the incidence of 
disease among the larvae. Natural suppression agencies such 
as insect predators, parasites and pathogens normally do not 
cause such high mortality in such a short time, and no evi­
dence was seen (during the censuses) of prédation, parasitism, 
or disease among the larvae. 
The third mechanism possible is apparent mortality due 
to larval emigration from the plots, however, this too is 
unlikely. No larval migration was detected in the 1970 in­
festations, and previous studies have indicated that larger 
larvae do not migrate to any extent until a search for a 
pupation site begins. As a check for larval migration, the 
border rows of the censused plots were vacuumed with a D-Vac 
vacuum insect sampling machine. Only 1 larva was found in 
all borders. 
The fourth, possible cause for the lack of larval estab­
lishment is prédation by birds. Great numbers of birds 
(mostly English sparrows) were seen in and around the plot 
area throughout the growing season. Of the 4 possible mech­
anisms proposed, it is believed that prédation by birds is 
the most credible. To prevent the recurrence of bird pré­
dation, all succeeding infestations in 1971 and 1972 were 
protected by caging the plots. No censuses were conducted 
62 
in succeeding infestations because of plot disturbance in 
removing and replacing the cages. 
Due to the form of statistical analysis used for the 
1971 infestation data, it was necessary to consider the re­
sults of the full-bloom and pod-fill infestations simul­
taneously. Analysis of variance was computed for each char­
acter measured, with variance sources of replications, dates, 
infestation, date by infestation interaction, and error. F 
values were computed for each. 
Seven plant characteristics were measured in 1971 and 
analyzed for significant differences. Those characteristics 
were : 
1) Number of plants/plot, 
2) Bean weight/plot, 
3) Number of beans/plot, 
4) Bean volume/plot, 
5) Pod weight/plot, 
6) Number of pods/plot, 
7) Weight loss in drying/plot. 
The means for these characteristics are shown in Table 6. 
With the exception of the number of plants/plot, the means 
from the full-bloom infestation show an obvious increase up 
to 60 larvae/plot and a sharp drop at 120 larvae/plot. No 
such pattern was as readily discernible in the pod-fill in­
festation means. However, the means (excluding number of 
Table 
No. 
larva 
plot 
0 
30 
60 
120 
0 
20 
50 
100 
Mean values from 2-ft soybean plots infested with green cloverworm 
larvae (1971) 
No. 
plants/ 
plot 
Bean 
wt/ 
plot (g) 
No. 
beans/ 
plot 
Bean 
volume/ 
plot (ml) 
Pod 
wt/ 
plot (g) 
No. 
pods/ 
plot 
Drying 
wt. loss/ 
plot (g) 
Full Bloom 
14.00 163.64 980.50 147.50 58.76 418.25 12 .00 
14.50 164.52 1008.25 148.25 56.98 420.50 12.20 
13.25 209.42 1159.50 193.75 71.79 460.75 15.80 
15.25 173.82 977.75 156.75 60.31 403.25 12.70 
Pod Fill 
15.00 182.32 1074.25 164.25 62.51 433.50 13.06 
13.75 195.40 1091.25 177.00 68.32 447.75 14.29 
12.25 184.61 1064.50 166.75 64.47 424.00 13.36 
13.25 160.89 974.75 145.25 56.78 387.75 11.80 
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plants/plot) all increased up to 20 larvae/plot and decreased 
with higher larval numbers, 
Plant populations were not strictly controlled in the 
infestation plots, but the number of plants in each plot was 
recorded at the time of infestation. These data were analyzed 
to assure that, although randomization was used to assign 
plots, no consistent pattern existed in plant population 
between treatments. The results are shown in Table 7. 
The analysis showed that there were no significant dif­
ferences at the 5% level in the number of plants/plot between 
replications, dates or infestations. This lack of signifi­
cance indicated that no bias was introduced into the data by 
consistent differences in plant population among treatments. 
No significant effects of any source of variation was 
found in the remaining 6 plant characteristics. The results 
from the analysis of each character are shown in Appendix 
Tables 40 to 45. 
The lack of significant differences in these charac­
teristics for the full-bloom infestation was expected, due 
to the lack of larval establishment revealed by the censuses. 
However, the reason for the lack of differences in the pod-
fill infestation data was not as clear. The success of 
larval establishment was not quantified, but some larvae 
were noted 10 days after infestation. 
Two factors may be important in explaining the lack of 
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Table 7. Analysis of variance of the number of plants/plot 
from soybean plots infested with green cloverworm 
larvae at full-bloom and pod-fill (1971) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F Ratio 
Replication 3 16.09 5 .37 
Date 1 3.78 3.78 0.84* 
Infestation 3 14. 84 4.95 1.10* 
Date-
Infestation 3 9 . 3 4  3.12 0.69* 
Error 21 94.66 4.51 
Total 31 
*Not significant at the 5% level of probability. 
differences. The first is the timing of the infestation. 
At the time of the pod-fill infestation, relatively large 
beans were noted in the plots, indicating that the plants 
may have been nearer the next growth stage. This succeeding 
stage (stage 8) has been shown to have a higher economic-
injury level (Stone and Pedigo 1972a). 
The second possible explanation for the lack of dif­
ferences among the treatments is differences in plant popula­
tion. The number of plants has been shown to be not signifi­
cantly different. The response (to defoliation) of the plant 
at varying populations within small plots, however, is diffi­
cult to assess. It is likely that the variation introduced 
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by this factor alone would be enough to mask the small dif­
ferences one would obtain in 2-ft plots. 
1972 
The theoretical economic-injury levels for 19 72 were 
calculated in a manner identical to that of 1971. All input 
values were the same except the number of plants/row ft., 
which was reduced in 1972 to 8. Similar proportions to the 
economic-injury levels were used, resulting in 1972 infes­
tation levels of 0, 12, 24/ and 4 8 larvae/row ft at full-
bloom, and 0, 10, 20, and 40 larvae/row ft at pod-fill. 
After infestation, the larval populations in the cages 
were monitored by visual inspection for damage. Severe 
damage was observed in the cages after the full-bloom infes­
tation, but little damage (because of lack of larval establish­
ment) could be found after the pod-fill infestation. The rea­
son for the lack of larval establishment is not apparent, but 
because no damage was observed, no harvest data were collected 
from the pod-fill infestation plots. Therefore, the discussion 
of results was limited solely to the full-bloom infestation. 
Agronomic components were measured for the main stem 
and branches separately. The bean yield was of the greatest 
economic importance- Therefore, the main stem and branch bean 
weights were analyzed separately by analysis of variance for 
significant differences. 
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Main stem bean weight The grand means (Table 8) from 
the main stem indicated an increase in yield up to 12 larvae/ 
row ft and a decrease thereafter. Analysis of variance 
(Table 9) confirmed that significant differences did exist 
(at the 5% level) among the treatments. Partitioning of the 
treatment sums-of-squares into single-degree-of-freedom linear 
comparisons (Table 9) indicated that the check was not dif­
ferent from the 3 infestation levels, but that the low (12 
larvae/row ft) was different from the medium (24 larvae/row 
ft) and high (48 larvae/row ft) infestation plot means. A 
third comparison indicates that the difference existed be­
tween the low and medium infestations. 
Table 8. Mean main stem soybean yields (g/plant) from plots 
infested at full-bloom with green cloverworm larvae 
(1972) 
Larvae/ Replication Treatment 
row ft 1 2 3 4 5 means 
0 8.17 _a 10.18 9.29 9.72 9.34 
12 9.50 9.75 11.13 8.64 11.11 10.02 
24 7.08 7.49 8.57 8.56 8.19 7.98 
48 6.31 9 .16 6 .79 7.64 6.34 7.25 
^Plot data excluded because of plant disease. 
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Table 9. Analysis of variance of main stem bean weight/ 
plant from plots infested at full-bloom with 0, 
12, 24 and 4 8 green cloverworm larvae/row ft 
(1972) 
Source of Degrees of Sum of Mean 
variation freedom squares square 
Replication 4 
Infestations 3 
comparison 1^ 
Comparison 2^ 
Comparison 3 
Error 290 
Total 297 
(1) 
(1) 
(1) 
89.85 
299.47 
48.95 
294.28 
158.14 
8420.72 
22.46 
99.82 
48.95 
294.28 
158.14 
29.04 
3.44* 
1.69" 
10.13** 
5.45* 
^ot significant at the 5% level of probability. 
^Linear comparisons include; (1) check vs low, medium, 
high, (2) low vs medium, high, (3) low vs medium. 
* 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
Branch bean weight The grand means for branch bean 
weight (Table 10) appear to indicate a definite decrease in 
branch bean weight in the infested plots, however, analysis 
of variance (Table 11) indicated that no significant dif­
ferences existed between the means. 
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Table 10. Mean branch soybean yields (g/plant) from plots 
infested at full-bloom with green cloverworm 
larvae (1972) 
Larvae/ Replication Treatment 
row ft 1 2 3 4 5 means 
0 2.18 0.25 0.75 2.38 1.39 
12 0.06 0.20 .91 .52 1.07 0.55 
24 .26 .37 .57 1.11 0.57 .58 
48 .43 1.30 .33 0.36 .15 .51 
*Plot data excluded because of plant disease. 
Table 11. Analysis of variance of branch bean weight/plant 
from plots infested at full-bloom with 0, 12, 
24 and 4 8 green cloverworm larvae/row ft (1972) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Replication 4 21.15 5.29 1.63* 
Infestations 3 5.16 1.72 .51* 
Error 290 984.90 3.40 
Total 297 
*Not significant at the 5% level of probability. 
Combined bean weight Because no differences were 
detected among the branch bean weight means, and only 87 of 
the 320 plants (27%) had any branch data whatsoever, it was 
decided that further analysis of plant components for the 
branches would yield little information. The branch and 
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main stem data were subsequently combined for each plant, and 
analysis conducted on the whole-plant data for each component. 
The mean combined bean weights from the plots are shown 
in Table 12. The grand mean shows an obvious decline at 24 
and 4 8 larvae/row ft. The means were variable, especially 
Table 12. Mean combined soybean yield (g/plant) from plots 
infested at full-bloom with green cloverworm 
larvae (1972) 
Larvae/ Replication Treatment 
row ft 1 2 3 4 5 means 
0 10.35 _a 10.43 10.03 12.11 10.73 
12 9.56 9.95 12.03 9.15 12.18 10.57 
24 7.34 7.86 9 .15 9 .67 8.76 8.55 
48 6.74 10.46 7.12 8.00 6.49 7.76 
^lot data excluded because of plant disease. 
in replication 2, but analysis of variance (Table 13) indi­
cated that differences existed within the treatments that 
were high enough to compensate for the variability. All 3 
comparisons were significant, i.e., the check differed 
significantly from the infestation means combined, the low 
differed from the medium and high, and the low was different 
from the medium. The significance in comparison 1 (Table 13) 
should not be interpreted to indicate that the check and low 
infestation means were significantly different. To the 
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Table 13. 
Source of 
variation 
Analysis of variance of mean soybean yield (g/ 
plant) from plots infested at full-bloom with 0, 
12, 24 and 48 green cloverworm larvae/row ft (1972) 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F Ratio 
Replication 
Infestations 
145.12 
324.54 
36.28 
108.18 2.75* 
Comparison 1 (1) 
Comparison 2 (1) 
Comparison 3^ (1) 
Error 290 
178.58 
307.86 
155.06 
11423.86 
178.58 
307.86 
155.06 
39.39 
4.53* 
7.81*: 
3.94* 
Total 297 
-linear comparisons include; (1) check vs low, medium, 
high, (2) low vs medium, high (3) low vs medium. 
* 
Significant at the 5% level of probability. 
* * 
Significant at the 1% level of probability. 
contrary, the means show that the difference was most likely 
to occur between the check-low combination and the remaining 
infestations combined. Computation of Least Significant 
Difference (LSD) indicated that this was true, i.e., the 
check was not different from the low, but the check-low 
means were different (at the 5% level) from the "means of the 
medium and high infestations. 
The character of primary importance to this study was, 
of course, the bean weight/plant. The remaining characters 
were diagnostic, i.e., if an effect on bean weight (the 
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economic component) was found, the other characters were 
measured to allow accurate determination of which plant 
components contributed to the effect. 
Bean weight/seed The total bean weight of each plant 
was divided by the total number of seeds on that plant to ob­
tain a mean weight/seed for each plant. These weights were 
analyzed to determine if the larval infestations had some 
consistent effect on weight/seed. The means are shown in 
Table 14. Although some variability exists, the means 
showed a generally consistent decline in weight/seed with 
increasing larval numbers. The analysis of this character 
(Table 15) confirmed that statistically significant dif­
ferences did occur between infestation levels. The linear 
comparisons indicated that the differences occurred between 
the low and medium, and the medium and high infestation. LSD 
was calculated and showed a relationship identical to that 
found in main-stem bean weight and combined bean weight, i.e., 
the check and low infestation means were not different and 
the medium and high infestation means were not different, 
but the check and low were different from the medium and high 
infestation means. These analyses indicated, therefore, 
that seed size was a factor in the significant yield reduction 
at 24 larvae/row ft, i.e., part of the yield decrease was 
the result of production of a lighter bean. 
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Table 14. Mean soybean weight/seed (g) from plots infested 
at full-bloom with green cloverworm larvae (1972) 
Larvae/ Replication Treatment 
row ft 1 2 3 4 5 means 
0 0.1560 a 0.1830 0.1847 0.1603 0.1710 
12 .1585 0.1811 .1786 .1748 .1699 .1728 
24 .1237 .1674 .1623 .1699 .1669 .1579 
48 .1408 .1519 .1783 .1523 .1284 .1505 
^Plot data excluded because of plant disease. 
Table 15. Analysis of variance of mean soybean weight/seed 
(g) from plots infested at full-bloom with 0, 
12, 24 and 48 green cloverworm larvae/row ft 
(1972) 
Source of Degrees of Sum of Mean 
variation freedom squares square 
Replication 4 
Infestations 3 
Comparison 1^ 
Comparison 2^ 
Comparison 3 
Error 2 89 
Total 296 
(1) 
(1) 
(1) 
0.0368 
0.0199 
0 . 0 0 6 2  
0.0171 
0 . 0 0 8 2  
0.3135 
0 .0092 
0  . 0 0 6 6  
0 . 0 0 6 2  
0.0171 
0 . 0 0 8 2  
0.0011 
6.00** 
5.67* 
15.55** 
7.46** 
linear comparisons include; (1) check vs low, medium, 
high, (2) low vs medium, high (3) low vs medium. 
* 
Significant at the 5% level of probability. 
* * 
Significant at the 1% level of probability. 
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Bean ratio The ratio of the bean weight on the main 
stem to the bean weight on the branches was calculated and 
analyzed. The value of such a ratio in this data is very 
limited, because the number of observations/treatment was so 
variable (1 to 9). This variability was due to the low number 
of branches which produced any bean yield. No meêins were pre­
sented for the replications, since, in the cases where only 
1 observation occurred, there was no mean, however, the grand 
means of 6.21, 8.83, 11.99 and 13.74 for the check, low, 
medium and high, respectively, substantiate the decreasing 
branch bean weight with increasing infestation numbers that was 
shown earlier. No significant differences were found between 
treatments when the data were subjected to an analysis of 
variance (Table 16). 
Bean volume/plant The volume of the beans from each 
plant was determined by water displacement. The mean values 
obtained are shown in Table 17. The most obvious trend was a 
decrease in bean volume/plant with increasing larval numbers. 
This trend would not be unexpected, since a similar trend has 
been previously shown with the bean yield, and the 2 are 
closely related (the actual correlation with these data was 
0.99). The analysis (Table 18) confirmed that the means were 
significantly different (probability>F<.05), with the linear 
comparisons (Table 18) indicating significance in the differ-
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Table 16. Analysis of variance of bean weight ratio (main; 
branch)from plots infested at full-bloom with 0, 
12, 24 and 48 green cloverworm larvae/row ft 
(1972) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean p Ratio 
square 
Replication 4 581.33 145.33 
Infestations 3 191.74 63.91 .77* 
Error 78 6502.16 83.36 
Total 75 
*Not significant at the 5% level of probability. 
Table 17. Mean soybean volume/plant (ml) from plots infested 
at full-bloom with green cloverworm larvae (1972) 
Larvae/ Replication Treatment 
row ft 1 2 3 4 5 means 
0 8.14 a 8.95 8.38 10.25 8.93 
12 7.84 8.16 10.56 7.72 9.93 8.84 
24 6.09 6.77 8.00 8.61 7.25 7.34 
48 5.54 8.51 5.75 6.70 5.42 6.38 
*Plot data excluded because of plant disease. 
ences of check vs others, and low vs medium and high. The 
third comparison indicated that the low infestation mean was 
not different from the medium at the 5% level of probability. 
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Table 18. Analysis of variance of mean soybean volume/ 
plant (ml) from plots infested at full-bloom with 
0, 12, 24 and 48 green cloverworm larvae/row ft 
(1972) 
Source of Degrees of Sum of Mean 
variation freedom squares square 
Replication 4 145.09 36.27 
Infestations 3 250.23 83.41 3.07* 
Comparison 1^ (1) 226.64 226.64 8.33** 
Comparison 2 (1) 19 8.63 19 8.63 7.30** 
Comparison 3 (1) 85.50 85.50 3.14^ 
Error 290 7887.53 27.20 
Total 297 
^Linear comparisons include; (1) check vs low, medium, 
high, (2) low vs medium, high, (3) low vs medium. 
^Not significant at the 5% level of probability. 
* 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
Bean volume/bean The close relationship between 
bean weight/plant and bean volume/plant was previously 
noted. These 2 characters would be similarly related to the 
number of beans/plant (the correlation coefficients of bean 
weight/plant and bean volume/plant to the number of beans/ 
plant were 0.97 and 0.95, respectively, in these 1972 data). 
One can expect only small gains in analyzing characters so 
highly positively related. Part of the interrelationships 
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can be negated by considering the volume/bean. This value 
was calculated for each plant by dividing the bean volume/ 
plant by the number of good beans counted from that same 
plant. The means from the resultant per-plant values are 
shown in Table 19. With some exceptions, the means showed an 
obvious trend of declining volume/bean as larval infestation 
numbers increased. Analysis of variance (Table 20) confirmed 
that the means from the treatments were significantly dif­
ferent, while the linear comparisons showed differences 
similar to those obtained with bean volume/plant. The check 
mean was significantly different from the infestation means 
(probability>F<.05), and the low infestation mean was different 
Table 19. Mean volume/bean (ml) from soybean plots infested 
at full-bloom with green cloverworm larvae (1972) 
Larvae Replication Treatment 
row/ft 1 2 3 4 5 means 
0 0.1224 _a 0.1576 0.1559 0.1386 0.1435 
12 .1310 0.14 89 .1602 .1470 .1388 .1454 
24 .1045 .1454 .1474 .1480 .1377 .1365 
48 .1404 .1300 .1254 .1251 .1060 .1251 
^lot data excluded because of plant disease. 
from the combined medium and high infestations (probability> 
F<.01)/ however the low was not different from the medium 
infestation mean. LSD's were computed, and these indicated 
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Table 20. Analysis of variance of soybean volime/bean (ml) 
from plots infested at full-bloom with 0, 12, 24 
and 48 green cloverworm larvae/row ft (1972) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F Ratio 
Replication 4 0.0231 0 .0058 
Infestations 3 .0156 .0052 6.50** 
Comparison (1) .0034 .0034 4.26* 
Comparison 2% (1) .0105 .0105 13.15** 
Comparison 3 (1) .0029 .0029 3.66% 
Error 289 .2196 .0008 
Total 296 
^Linear comparisons include; (1) check vs low, medium, 
high, (2) low vs medium, high, (3) low vs medium. 
^Not significant at the 5% level of probability. 
* 
Significant at the 5% level of probability. 
* *  
Significant at the 1% level of probability. 
that the check and low means were not significantly different 
from each other, but that the low was different from the 
medium and high means, and that the medium and high means 
were significantly different. It is thus probable that 12 
larvae/row ft did not reduce bean volume/bean, while 24 
larvae/row ft did cause a decrease in volume, and 48 larvae/ 
row ft an even greater decrease. 
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Bean density Changes in the density of soybeans have 
been shown to be reflective of changes in seed composition^. 
Use of bean density as a measure of seed composition ob­
viously has great disadvantages when compared to quanti­
tative chemical analysis, however, the cost of chemical 
analysis was prohibitive for the purposes of this study. For 
that reason, bean densities (g/ml) were calculated for each 
plant and analyzed to allow a single postulation of whether 
or not changes in seed composition had occurred because of 
larval defoliation. 
The means (Table 21) did not indicate any consistent 
effect of defoliation on bean density. Analysis of variance 
(Table 22) confirmed that there were no differences between 
the treatment means. The conclusion from this analysis must 
be that there was no effect of the defoliation on bean density, 
and thus no estimable effect on seed composition. 
Total number of beans/plant The number of beans 
produced by each plant is generally controlled by the genetic 
complement present in that plant. The maximum number pos­
sible is set prior to full bloom, however, stress conditions 
become important by influencing the number of blossoms aborted 
by each plant. The number of beans, developed and undeveloped, 
on each plant was recorded. The means for these observations 
^R. M. Shibles, Ames, Iowa. Relationship between bean 
density and composition. Personal communication. 1973. 
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Table 21. Mean density of soybean seeds (g/ml) from plots 
infested at full-bloom with green cloverworm 
larvae (1972) 
Larvae/ Replication Treatment 
row ft 1 2 3 4 5 means 
0 1.29 a 1.16 1.21 1.17 1.21 
12 1.21 1.21 1.12 1.19 1.23 1.19 
24 1.20 1.15 
1—1 1—1 f—1 
1.15 1.21 1.16 
48 1.16 1.17 1.48 1.23 1.22 1.25 
^Plot data excluded because of plant disease. 
Table 22. Analysis of variance of bean density (g/ml) from 
soybean plots infested at full-bloom with 0, 12, 
24 and 48 green cloverworm larvae/row ft (1972) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F Ratio 
Replication 4 o
 
o
 
w
 
0.0075 
Treatment 3 .30 .1000 1.37^ 
Error 2 89 21.13 .0731 
Total 296 
^ot significant at the 5% level of probability. 
are shown in Table 23. The treatment means showed a decline 
in the number of beans/plant as larval numbers increased, how­
ever, variation within the replication means was obviously 
high. This variation undoubtedly negated any consistent 
trend, because the analysis of variance (Table 24) indicated 
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Table 23. Mean number of beans/plant from soybean plots 
infested at full-bloom with green cloverworm 
larvae (1972) 
Larvae/ Replication Treatment 
row ft 1 2 3 4 5 means 
0 73.31 _a 64.06 60.13 78.69 69.05 
12 64.93 59.50 70.56 58.94 79.33 66.51 
24 61.50 49 .81 60.81 65.38 59.13 59.33 
48 54.00 71.00 49 .69 60.94 56.38 58.40 
^Plot data excluded because of plant disease. 
Table 24. Analysis of variance of the total number of beans/ 
plant from soybean plots infested at full-bloom 
with 0, 12/ 24 and 48 green cloverworm larvae/ 
row ft (1972) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F Ratio 
Replication 4 5476.07 1369.02 
Treatment 3 4117.54 1372.51 0.91^ 
Error 289 435776.53 1507.88 
Total 296 
*Not significant at the 5% level of probability. 
that there was no significant difference in the means attribu­
table to changes in larval infestation numbers. The conclu­
sion must be, therefore, that the larval defoliation had no 
significant effect on the total number of beans produced by 
each plant. 
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Number of good and undeveloped beans/plant The beans 
in a pod are not all filled at the same time, i.e., different 
beans are favored at different times. It has been shown 
that the filling sequence is: (1) apical beans, (2) basal 
beans, and then (3) central beans^. Therefore, defoliation 
stress may not be evenly distributed among the beans, par­
ticularly if part of the filling cycle is completed before 
defoliation becomes severe enough to greatly reduce photo-
synthate production. This situation could result in a sig­
nificant effect of defoliation expressed in either of 2 
components of the total number or beans, viz., the number 
of good beans/plant or the number of undeveloped beans/plant, 
especially when different numbers of larvae are present to 
cause different rates of defoliation. 
Number of good beans/plant The most economically 
important of the 2 components is the number of good beans 
(fully developed) produced by each plant. The actual number 
of fully developed beans was counted and recorded for each 
plant. The means from these counts are shown in Table 25. 
Variation in the replication means was, once again, high, but 
a trend similar to that of the total number of beans, viz., 
decreasing numbers of beans with increasing numbers of larvae, 
^R. M. Shibles, Ames, Iowa. Sequence of bean filling 
within soybean pods. Personal communication. 1973. 
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Table 25. Mean number of good beans/plant from soybean plots 
infested at full-bloom with green cloverworm 
larvae (1972) 
Larvae/ Replication Treatment 
row ft 1 2 3 4 5 means 
62.36 
60.55 
52.84 
51.34 
0 63. 63 a 57.75 54 .44 73 .63 
12 58. 87 53. 06 66.44 52 .50 72 .53 
24 53. 50 45. 13 54.75 58 .50 52 .31 
48 44. 94 65. 38 43.94 51 .88 50 .56 
^Plot data excluded because of plant disease. 
was again, obvious in the treatment means. This trend was 
not confirmed by analysis of variance (Table 26), and it 
must be concluded that there was no significant effect of 
the larvae on the number of beans that were completely filled 
by each plant. 
Table 26. Analysis of variance of number of good beans/plant 
from soybean plots infested at full-bloom with 
0, 12, 24 and 4 8 green cloverworm larvae/row ft 
(1972) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F Ratio 
Replication 4 5987.65 1496.91 
Infestations 3 5054.05 1684.68 1.33^ 
Error 290 368646.52 1271.20 
Total 297 
^Not significant at the 5% level of probability. 
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Nimber of undeveloped beans/plant The second 
component, undeveloped beans/plant, is of less economic im­
portance. It is, however, of equal importance to the number 
of good beans/plant in its potential as a diagnostic tool to 
determine any effect of larval defoliation on yield. 
The means are shown in Table 27. The trend in the treat­
ment means toward reduction of number of undeveloped beans with 
increasing numbers of larvae is again present. This trend is 
a reversal of what might be expected, but is of little conse­
quence because analysis of variance (Table 2 8) shows that 
there was no significant effect of the treatments. 
Table 27. Mean number of undeveloped beans/plot from soy­
bean plots infested at full-bloom with green 
do verwo rm larvae (1972) 
Larvae/ Replication Treatment 
row ft 1 2 3 4 5 means 
0 9.69 _a 6.31 5.69 5.06 6.69 
12 6.07 6.44 4.13 6.44 6.80 5.96 
24 8.00 4.69 6.06 6.88 6.81 6.49 
48 9 .06 5.63 5.75 9.06 5.81 7.06 
^Plot data excluded because of plant disease. 
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Table 28. Analysis of variance of number of undeveloped 
beans/plant from soybean plots infested at full-
bloom with 0, 12, 24 and 48 green cloverworm 
larvae/row ft (1972) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F Ratio 
Replication 4 280.86 70 .22 
Treatment 3 65.70 21.90 .86^ 
Error 290 7347.67 25.34 
Total 297 
^ot significant at the 5% level of probability. 
Number of good beans/pod The amount of photosynthate 
produced and stored in the bean is^ in large part, determined 
by the condition of the foliage at the node occupied by each 
pod. Since green cloverworm larvae are antagonistic to each 
other, the higher larval populations may have been more evenly 
dispersed over the plant, causing foliar loss at more sites. 
The large larvae tend to stratify in the upper portions of 
the soybean canopy (Pedigo et al, 1973), potentially resulting 
in fewer damage sites in the lower infestations. The dif­
ference should be reflected in the number of beans/pod. 
The mean number of good beans set and filled in the pods 
on each plant was calculated to determine if the high larval 
populations caused yield reduction through decreasing the 
number of beans/pod. The means from the plots (Table 29) were 
variable but a trend toward smaller numbers of good beans/pod 
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Table 29. Mean number of good beans/pod from soybean plots 
infested at full-bloom with green cloverworm 
larvae (1972) 
Larvae/ Replicati on Treatment 
row ft 1 2 3 4 5 means 
0 2.35 _a 2.47 2.36 2.71 2.47 
12 2.31 2.31 2.62 2.44 2.46 2.43 
24 2.17 2.31 2.36 2.34 2 .53 2.34 
48 2 .11 2.44 2.27 2.19 2.47 2.29 
^Plot data excluded because of plant disease. 
with higher larval populations can be seen. Analysis of 
variance (Table 30) indicated that no significant differences 
were present between treatment means. Therefore, the larvae 
were not shown in these data to affect the number of good 
beans/pod. 
Table 30. Analysis of variance of number of good beans/ 
pod from soybean plots infested at full-bloom 
with 0, 12, 24 and 48 green cloverworm larvae/ 
row ft (1972) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F Ratio 
Replication 4 3.01 0.75 
Infestations 3 0.70 .23 1.21* 
Error 2 89 55.17 .19 
Total 296 
^ot significant at the 5% level of probability. 
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Pod weight and number The factors affecting the total 
number of beans/plant should be effective in the same manner 
toward pod weight/plant. If damage was severe enough at the 
proper time to cause stress in the plant, the number of beans 
would be reduced by an increase in flower abortion, and thus 
a decrease in both pod weight and number. Although pod 
weight/plant and number of pods/plant are closely related to 
the number of beans/plant (correlation coefficients of 0.99 
and 0.9 8 in this study, respectively), both characters were 
analyzed to assure that neither were significantly affected 
by the defoliation. 
Pod weight/plant The means for empty-pod weight/ 
plant are shown in Table 31. The treatment means appear to 
decrease with increasing numbers of larvae, however, the 
analysis of variance (Table 32) indicated that there was no 
significant effect of the larvae on pod weight. 
Table 31. Mean pod weight/plant from soybean plots infested 
at full-bloom with green cloverworm larvae (1972) 
Larvae/ Replication Treatment 
row ft 1 2 3 4 5 means 
0 3.67 _a 3.24 3.18 4.21 3.58 
12 3.51 3.18 4.05 3.01 4.15 3.57 
24 2.80 2.65 3.30 3.58 2.82 3.03 
48 2.65 4.07 2.68 3.01 2.52 2.99 
^Plot data excluded because of plant disease. 
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Table 32. Analysis of variance of the pod weight/plant from 
soybean plots infested at full-bloom with 0, 12, 
24 and 48 green cloverworm larvae/row ft (1972) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F Ratio 
Replication 4 19 .46 4.87 
Treatment 3 26 .68 8.89 1.87* 
Error 290 1376 .75 4.75 
Total 297 
^ot significant at the 5% level of probability. 
Number of pods/plant The response of the treat­
ment means (Table 33) for this plant characteristic was simi­
lar to that observed with pod weight, i.e., an inverse rela­
tionship with numbers of larvae. The analysis (Table 34) 
confirmed that no significant differences existed between the 
means. 
Table 33. Mean number of pods/plant from soybean plots in­
fested at full-bloom with green cloverworm larvae 
(1972) 
Larvae/ Replication Treatment 
row ft 1 2 3 4 5 means 
0 26.25 23.38 22.44 27.94 25.00 
12 23.67 21.63 24.94 21.38 29.27 24.12 
24 22.81 18.81 22.31 23.81 20.69 21.69 
48 20.19 25.50 17.81 22.31 20.31 21.23 
^Plot data excluded because of plant disease. 
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Table 34. Analysis of variance of the number of pods/plant 
from soybean plots infested at full-bloom with 
0, 12, 24 and 48 green cloverworm larvae/row ft 
(1972) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square 
F Ratio 
Replication 4 670.70 167.68 
Treatment 3 521.38 173.79 0.90^ 
Error 290 55895.10 192.74 
Total 297 
^ot significant at the 5% level of probability. 
Stem weight/plant Based on field observation, it is 
the author's opinion that stem weight may be more indicative 
of the general plant health and vigor than any other single 
plant characteristic (excluding any economic considerations). 
Dry stem weights were recorded after removal of all leaf 
stems and pods. The means from these observations are shown 
in Table 35. The treatment means had an inverse relationship 
to the number of larvae/row ft, but the differences between 
the means were not significant (Table 36). It must be con­
cluded, therefore, that larval defoliation had no significant 
effect on stem weight/plant. 
Harvest index This term has been used in the past to 
mean the percentage that the "economic" component occupies 
of the total biological yield produced by a plant (Mitchell 
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Table 35. Mean stem weight/plant from soybean plots infested 
at full-bloom with green cloverworm larvae (1972) 
Larvae/ Replication Treatment 
row ft 1 2 3 4 5 means 
0 
1—1 1—I VD 
_a 5.40 5.33 5.91 5.69 
12 5.00 6.03 6.20 5.05 5.41 5.54 
24 5.62 4.93 5.01 5.68 4 .47 5.14 
48 4.70 4.78 4.18 5.00 4.08 4.55 
^Plot data excluded because of plant disease. 
Table 36. Analysis of variance of the stem weight/plant 
from soybean plots infested at full-bloom with 
0, 12, 24 and 48 green cloverworm larvae/row 
ft (1972) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F Ratio 
Replication 4 18.96 4.74 
Treatment 3 38.95 12 .98 1.64^ 
Error 290 2297.35 7.92 
Total 297 
^ot significant at the 5% level of probability. 
19 70). It is used primarily by plant breeders to evaluate 
different varieties of the same crop plant. In this study, 
no weight measurements were taken of foliar or root tissues, 
therefore the values obtained were not comparable to published 
values. 
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Harvest index was computed by dividing bean weight/plant 
by the sum of bean weight, pod weight and stem weight from 
that same plant and multiplying by 100. The means of the 
resultant per-plant percentages are shown in Table 37. The 
treatment means are shown to decrease with increasing larval 
Table 37. Mean harvest index^ (percentages) from soybean 
plots infested at full-bloom with green cloverworm 
larvae (19 72) 
Larvae/ Replication Treatment 
row ft 1 2 3 4 5 means 
0 48.03 _b 54.02 51.24 51.95 51.31 
12 48.08 48.04 53.32 52.39 56.12 51.57 
24 40.29 48.27 49.74 46.08 53.81 47.64 
48 42 .63 45.89 48.36 47.89 49.39 46.83 
^Harvest index = [bean weight ? (bean weight + pod 
weight + stem weight)] x 100. 
^Plot data excluded because of plant disease. 
numbers. Analysis of variance (Table 38) indicated that 
significant differences existed between the means (probabil-
ity>F<.05). The comparisons showed that the most probable 
source for the difference was between 12 larvae/row ft 
and 24 larvae/row ft. 
These results were not unexpected. It has been shown 
that pod weight and stem weight were not significantly dif­
ferent over the treatment means, therefore, this analysis is 
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Table 38. Analysis of variance of harvest index from soy­
bean plots infested at full-bloom with 0, 12, 24 
and 48 green cloverworm larvae/row ft (1972) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
Squares 
Mean 
square F Ratio 
Replication 4 2252.47 563.12 
Infestati ons 3 636.62 212.21 2.84* 
Comparison 
Comparison 
Comparison 3^ (1) 
394.26 
952.14 
586.91 
394.26 
952.14 
586.91 
5.27* 
12.73** 
7.85** 
Error 289 21614.01 74.79 
Total 296 
^Harvest index = [bean weight ? (bean weight + pod 
weight + stem weight)] x 100. 
^Linear comparisons include; (1) check vs low, medium, 
high, (2) low vs medium, high, (3) low vs medium. 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
simply a reflection of bean weight/plant. The analyses of 
the 2 characters (harvest index and bean weight) were almost 
identical, and the relationship between the means was the 
same. The conclusion must be that the treatments caused 
significant differences in this study and that the differences 
were primarily due to significant differences in bean weight/ 
plant. 
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Overwintering Potential 
Field trials 
Preliminary investigations The cages from both the 
open and sheltered areas were removed April 1, 1969. Ex­
amination of the contents revealed that none of the moths or 
pupae had survived the winter. All of the pupae were 
partially decomposed, and no intact moths were found. The 
presence of the carcasses indicated that death was not a 
result of prédation, therefore, the conclusion must follow 
that moths and pupae cannot survive the conditions present in 
the cages during the winter of 1968-1969. 
Intensive investigations 1971-1972 Inspections were 
conducted in each infested screenhouse room each day on which 
the air temperature exceeded ca. 50°F. The latest activity 
noted in any of the rooms occurred November 11, 1971, when 
2 female moths were observed flying. Conditions at that time 
were bright sunlight and 65°F air temperature. Later inspec­
tions revealed neither live nor dead moths in any room. 
The inspections for live moths were terminated May 25, 
1972, at which time all debris was removed from each room and 
placed in plastic bags. The material was allowed to warm to 
room temperature, and inspected for moth remains. None were 
found in the debris from any of the rooms. There are three 
primary hypotheses which could explain these data: (1) 
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mortality caused by predators, (2) apparent mortality caused 
by moth escape, and (3) mortality caused by winter conditions. 
The screenhouse was constructed to enable study of 
selected insect species in the absence of other species, 
therefore, it is unlikely that predators were present in 
numbers that cem. account for moth disappearance. Each room 
was inspected for holes in the screening before initiation 
of the experiment and at its termination. None were found 
in these inspections in any of the rooms, therefore moth 
escape was also unlikely. The third hypothesis, mortality 
due to winter conditions, then, becomes the most likely ex­
planation for moth disappearance. 
The temperature data from the sites inside and outside 
the screenhouse were transferred to standard data forms. 
These data were separated into weeks, beginning with October 
18-23, 1971, and ending with March 26-28, 1972. The minimum 
temperature attained outside the screenhouse at 3 ft (air), 
6 inches (on top of the litter) , and at 0.25 in. (under 
litter) were plotted for each week (Figure 1). Each week 
when there were 4 or more days of snow cover present is also 
shown in Figure 1.^ The temperatures outside the screenhouse 
were highly reflective of those obtained from within the 
screenhouse, therefore, no ten^erature data were plotted from 
^R. H. Shaw, Ames, Iowa. Snow cover on the ground, 1972-
1973. Personal communication. 1973. 
Figure 1. Weekly minimum temperatures during the winter of 1971-1972 
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sensors within the rooms. 
Figure 1 shows that the temperatures reached at 0.25 
in. above soil in litter are moderated greatly by the litter. 
Both the air temperatures and the 6-in. above-soil tempera­
tures reached the lower limits of the recorder (-2°F), while 
the lowest temperature obtained at 0.25 in. was 24®F. The 
air and 6-in. temperatures followed the same pattern except 
during periods when snow cover was present, at which times 
the 6-in. temperatures were consistently higher than the air 
temperatures. The 0.25-in. data indicated that, although 
the minimum temperature never dropped below 24°F, there were 
98 consecutive days which had a maximum temperature of less 
than 40°F (not shown). The importance of this information 
will be shown in results to be presented later. 
Intensive investigations 1972-1973 No data were 
collected from the overwintering trials in site 1. The 26 
moths placed into the cage on September 18, 1972 were lost by 
cage vandalism in October. The trapping boards installed to 
provide artificial overwintering sites were removed and 
brought into the laboratory April 4, 1973. Dissassembly of 
the boards revealed no moths in any of the 10 boards. 
The cage in site 2 was infested with 26 moths (17 fe­
males, 9 males) collected from the immediate vicinity on 
September 19, 1972. Moths were recorded as present in the 
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cage as late as 26 October, 1973 (2 females). The trapping 
boards were brought into the laboratory February 23, 1973 
from the site-2 area, and no moths were found. The cage 
was checked periodically beginning February 23 and continuing 
until May 18, 19 73 and no moths were seen. The cage was 
removed May 18 and the debris in the cage examined for moths. 
None were found. 
Cabinet trials 
The pupal time-temperature-mortality studies were 
initiated August 25, 1972. The pupal groups (excluding the 
80°F trial) reached their final test temperatures of 0, 25, 
4 0 and 55°F on August 30, 1972. 
One week after the pupae reached the trial temperature, 
8 of the 23 pupae in the 0°F cabinet were moved to an 80°F 
environment. Twenty-four hours later, 100% mortality was 
recorded. The remaining 15 pupae also exhibited 100% 
mortality after 3 weeks. 
After noting mortality at 0°F in 7 days, 5 of the 15 
pupae tested at 25°F were removed. This was accomplished on 
the 8th day. after the pupae reached 25°F. Twenty-four hours 
later, 100% survival was noted. Two females emerged 18 days 
after pupation and 3 males emerged 20 days after pupation. 
A second group of 5 pupae was removed on the 13th day. Two 
of the 5 were alive 24 hours later. Two female moths emerged 
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from this group 23 days after pupation. The last 5 were 
moved on the 33rd day, and none survived. The mean pupal 
stadium for all moths that emerged was 20.3 days. 
The first group of 40°F pupae was moved to 80°F condi­
tions 45 days after attainment of the test temperature. Sur­
vival in the group of 5 was 100%. Incomplete records made 
estimation of the pupal stadia in the group impossible, 
but an absolute minimum would have been 53 days (time from 
pupation to notation of survival after removal from the test 
temperature). The rest of the pupae were transferred after 
90 days exposure to 40°F. Mortality in the group was 100%. 
It was not necessary to move any of the 55®F test pupae 
to higher temperatures. In awaiting the results from pupae 
at lower test temperatures, moths began emerging 26 days after 
pupation. Six moths (4 female, 2 male) emerged at 26 days, 1 
(female) emerged at 27 days, 2 (female) emerged at 20 days, 
and 3 (2 male, 1 female) emerged at 32 days after pupation. 
Mortality in the entire group was 20%, and the mean pupal 
stadium was 28.1 days. 
Fourteen of the 15 moths placed at 80°F emerged. Six 
days after pupation 5 moths (4 female, 1 male) emerged. Three 
others (2 female, 1 male) emerged at 8 days and 6 moths (2 
female, 4 male) emerged at 11 days. Pupal mortality at 80°F 
was 6.7% and the mean pupal stadium was 8.4 days. 
The cabinet trials indicated, therefore, that the pupae 
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cannot withstand even 7 days of 0®F, but that there is ex­
cellent survival for short periods (8 days) that declines 
rapidly to 0° survival (33 days) at 25"F. Longer periods 
of time at 40°F (45 days) did not cause pupal mortality, 
however, survival was 0% after exposure for 90 days. 
Mortality was relatively low among pupae placed at 
55°F. Development occurred slowly at this temperature, the 
pupal-period extending from 8.4 days at 80°F to 28.8 days at 
55°F. As expected, the lowest pupal mortality attained 
was among the group placed at 80°F. 
Although survival was"found at 40*F for 45 days, none 
survived after 90 days. It has been shown that even at soil 
level under 6 in. of litter, there were 98 consecutive days 
during which the temperature did not exceed 40°F in 1971-1972. 
The combination of these data indicated that it is unlikely 
that pupae of the green cloverworm can survive winter tem­
peratures in the central Iowa area. 
Supercooling 
The results of the supercooling trials are shown in Table 
39. The cooling rate varied, as expected, with the super­
cooling point. As the supercooling point decreased, the 
change in teiiç>erature/min. was smaller. The overall mean 
cooling rate was -3.60°F/min. after reaching 32®F. This rate 
of cooling is slower than that of Decker and Maddox (1967), 
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Table 39. Supercooling points and cooling rates of stages 
of the green cloverworm 
Stage Number of 
observations 
Mean supercooling 
point (°F) 
Mean cooling 
rate (°F/min) 
Larva 10 6.70 -4.50 
Prepupa 11 -3.59 -3.45 
Pupa 12 -7.38 -3.26 
Adult 10 -2.85 -3.34 
^After reaching 32°F. 
and nearer the 1.8°F/min. rate of drop recoininended by Salt 
(1966b) as a standard for supercooling studies. The actual 
impact of different cooling rates between insect stages was 
considered minimal, since Salt (1966a) found that the change 
in supercooling points "is negligible until the rate slows 
to a degree or so per hour." 
Supercooling points represent a near minimum temperature 
for survival of species (Salt 1966a) and have been used in the 
past as indicators of winter hardiness and survival (Decker 
and Cunningham 196 7, Decker and Maddox 1967, and Armbrust et al. 
1969) . The supercooling points obtained in this study (Table 
39) all appeared relatively low and would seemingly suggest 
that all stages tested would be able to survive winter 
conditions under litter. These values, however, are not 
reflective of actual lethal low temperatures when complexed 
with time. Ten degrees fahrenheit is not shown to kill pupae 
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in these data, however, it is likely that 10°F would be 
lethal to pupae if the insect were held at that temperature 
for some time, rather than being rapidly passed to lower 
temperatures. The supercooling points should be of value as 
indicators of which stages, if any, are most likely to sur­
vive central Iowa winters. Student's t indicated that the 
mean supercooling point of the larvae was significantly dif­
ferent at the 5% level of probability from the other 3 
stages. The prepupa and adult supercooling points were not 
significantly different from each other, but both were sig­
nificantly higher than that of the pupa. These data indi­
cated that the larva was significantly more sensitive to 
cold temperatures, that -the prepupa and adult were similar 
in sensitivity, and that the pupa was the most likely stage 
of the green cloverworm to survive Iowa winter conditions. 
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SUMMARY AND CONCLUSIONS 
Soybean plots were infested at 2 stages with 4 population 
levels of green cloverworm larvae to determine the accuracy of 
a laboratory technique for theoretical economic-injury levels. 
Infestations were conducted during the growing seasons of 
1970, 1971, and 1972 at soybean full-bloom and pod-fill. De­
ficiencies in experimental technique were thought to be re­
sponsible for the lack of yield differences in 1970 and 1971. 
No larval establishment was obtained during pod-fill in 1972. 
In the 1972 full-bloom infestation, 24 and 4 8 larvae/row ft 
were found to significantly reduce bean yield. Yields from 
plots infested with 12 larvae/row ft were not significantly 
different from the check-plot yields. The mechanism of yield 
reduction by 24 and 4 8 larvae/row ft appeared to be a reduction 
in the mean weight/bean and the mean volume/bean. No signifi­
cant effect was found on any of the other agronomic charac­
teristics measured. 
It was shown, then, that larval populations at numbers 
equal to the calculated theoretical economic-injury level 
(24 larvae/row ft at full-bloom) significantly reduce soybean 
yield. No reduction in yield was found with larval popula­
tions at 0.5 times the laboratory-calculated value (12 larvae/ 
row ft.) To determine if larval populations between 12 and 
24/row ft reduce yield would require more years of study with 
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much larger plots. Larger plots would require production 
of larvae in numbers beyond the present capability of any 
known green cloverworm rearing facility in the United States. 
The calculation technique has been shown, therefore, to 
accurately predict that large numbers of larvae are required 
to reduce soybean yield. This information suggests that the 
population levels at which the green cloverworm is presently 
being treated should be raised, and that efforts toward further 
development of the laboratory calculation technique should 
continue. 
Field trials to examine overwintering potential of the 
green cloverworm in central Iowa were conducted with moths 
and pupae in the winter of 1968-1969, and with moths only in 
the winters of 1971-1972 and 1972-1973. No survival was ever 
obtained in field cages containing the insects. Cabinet 
trials were conducted with pupae at temperatures of 0, 25, 40, 
55, and 80®F. At 0°F, 100% mortality occurred in 7 days. 
Pupae tested at 25°F were found to have 100% survival after 
8 days, 40% survival after 13 days and 0% survival after 33 
days. Pupae at 40®F were found to survive 45 days without 
mortality, but were all dead after 90 days. A 55°F constant 
temperature was found to lengthen the pupal period to 2 8.1 
days and cause 20% mortality. Mortality at 80°F was only 
6.7% and the pupal period lasted an average of 8.4 days. 
Supercooling point determinations indicated that the 
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larva was significantly more susceptible to cold temperatures; 
that the prepupa and adult were similar in response; and that 
the pupa was significantly less susceptible to cold temperatures 
than other stages. 
Temperature data were collected during the winter of 1971-
1972 to determine the actual temperatures present in probable 
overwintering sites under litter. Coordination of these sets 
of overwintering data indicated that the pupa, shown by super­
cooling trials to be the most likely overwintering stage can­
not survive 90 days at 40®F in cabinet trials. The tempera­
ture in overwintering sites during winter, although never 
below 24®F/ was below 40°F for a period exceeding 90 days. 
The moth was shown in several winter studies not to survive. 
The conclusion must be drawn, therefore, that it i-s unlikely 
that either the moth or the pupa of the green cloverworm 
can overwinter in central Iowa in litter habitats. 
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Table 40. Analysis of variance of bean weight/plot from 
soybean plots infested at full-bloom and pod-fill 
with green cloverworm larvae (1971) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F Ratio 
Replication 3 6598*14 2199.38 
Date 1 69.86 69:86 0.06 
Infestation 3 3975.65 1325.22 1.14 
Date*Infestation 3 4100.31 1366.77 H
 
H
 
00
 
Error 21 24372.93 1160.62 
Total 31 
Table 41. Analysis of variance of the number of beans/ 
plot from soybean plots infested at full-bloom 
and pod-fill with green cloverworm larvae (1971) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F Ratio 
Replication 3 141117.84 47039.28 
Date 1 3100.78 3100.78 o
 
o
 Of 
Infestation 3 75962.34 25320.78 .59* 
Date*Infestation 3 46323.34 15441.11 .36* 
Error 21 901608.91 42933.76 
Total 31 
*Not significant at the 5% level of probability. 
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Table 42. Analysis of variance of bean volume/plot from 
soybean plots infested at full-bloom and pod-
fill with green cloverworm larvae (1971) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F Ratio 
Replication 3 4621.38 1540.46 
Date 1 24.50 24.50 0.03* 
Infestation 3 3929.63 1309.88 1.57* 
Date*Infestation 3 3912.25 1304.08 1.56* 
Error 21 17574.13 836.86 
Total 31 
*Not significant at the 5% level of probability. 
Table 43. Analysis of variance of pod weight/plot from 
soybean plots infested at full-bloom and pod-
fill with green cloverworm larvae (1971) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F Ratio 
Replication 3 472 .51 157, .50 
Date 1 8, .94 8, .94 0.07* 
Infestation 3 406, .72 135, .57 .99* 
Date *Infes tation 3 408, .20 136. 07 .99* 
Error 21 2878, .63 137. 08 
Total 31 
*Not significant at the 5% level of probability. 
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Table 44. Analysis of variance of the number of pods/plot 
from soybean plots infested at full-bloom and 
pod-fill with green cloverworm larvae (1971) 
Source of Degrees of Sum of Mean 
variation freedom squares square 
Replication 3 25019 .59 8339, .87 
Date 1 47, .53 47. 53 0.01® 
Infestation 3 10040, .34 3346. 78 .45® 
Date*Infestation 3 5084. 34 1694. ,78 .23® 
Error 21 156190, .16 7437. ,63 
Total 31 
^ot significant at the 5% level of probability. 
Table 45. Analysis of variance of weight loss in drying/ 
plot from soybean plots infested at full-bloom 
and pod-fill with green cloverworm larvae (1971) 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F Ratio 
Replication 3 41.39 13.80 1.78® 
Date • 1 0.02 0.02 0.00® 
infestation 3 26.00 8.67 1.12® 
Date*Infestation 3 24.44 8.15 1.05® 
Error 21 163.22 7.77 
Total 31 
^ot significant at the 5% level of probêibility. 
